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The Arumbera Sandstone consists of mappable informal units which 
are repeated in a vertical, cyclic succession. Sandstones of fluvial 
origin form resistant strike ridges separated by strike valleys, which 
consist of recessive sandstones and mudrocks of marine origin. 
Lithofacies la, 2b, and 3a are probably of marine origin in 
intertidal environments. Trace fossil assemblages in lithofacies 3a 
suggest Skolithos and Cruziana inchnofacies were present. Lithofacies 
le, 2a, 2c, 3b, and 4a are probably of fluvial origin, as the result of 
coalescing braided stream deposits. The Arumbera Sandstone probably was 
deposited in a deltaic environment characterized by low wave energy, a 
micro tidal range, and high input of sand-sized sediment br braided 
streams. 
In the western MacDonnell Ranges, the Arumbera overlies the Julie 
or Pertatataka formations along a sharp but conformable contact. The 
present upper contact is a low-angle regional unconformity which 
contains paleotopographic elements that resemble pediments, stripped 
structural plains, and steep erosional scarps. These paleotopographic 
surfaces are overlain from east to west by the Chandler, hugh River, and 
xii 
Cleland formations in an onlap relationship. 
The Arumbera Sandstone is considered part of a molasse sequence 
associated with the Late Proterozoic and Early Cambrian Petermann Ranges 
orogeny, which occurred along the present southern and southwestern 
margin of the Amadeus Basin. The uplifted Petermann Ranges shed 
detritus from metamorphic, sedimentary, and minor amounts of plutonic 
rocks. Paleocurrents suggest most terrigenous mateiial was derived from 
the southwestern margin of the basin. The composition of detrital 
grains and lack of weathering features in labile detrital grains suggest 
a hot, semiarid to arid climate in the source area and in the basin of 
deposition. 
Sandstone samples examined petrographically primarily are 
subphyllarenites, subarkoses, arkoses, feldspathic litharenites, and 
lithic arkoses. 
The inferred paragenetic sequence is: Eogenetic: (1) mechanical 
compaction, (2) "dust rims" of hematite, illite, and chlorite, and 
(3) hematite cement; Mesogenetic: (4) syntaxial feldspar overgrowths,
(5) syntaxial quartz overgrowths, (6) hematite cement, (7) carbonate
cement, (8) kaolinite replacement, (9) formation of secondary 
porosity; Telogenetic: (10) chert cement and (11) gibbsite or hematite 
cement. 
(318 pages) 
INTRODUCTION 
General Statement 
Recent discoveries of large commercial reserves of petroleum 
indigenous to Proterozoic and Cambrian rock units in Siberia (Murray et 
al .• 1980), have focused new attention on these older rock units. In 
the past many considered Proterozoic rock units poor prospects for 
significant accumulations of hydrocarbons. A Late Proterozoic(?)-Early 
Cambrian rock unit currently under evaluation for its hydrocarbon 
potential is the Arumber a Sandstone within the Amadeus Basin of cent r al 
Australia (Schroder and Gorter, 1984). 
The Arumbera Sandstone is an exception to this generalization for 
it has been considered by some as a potential reservoir rock for 
hydrocarbons for many years (e.g., Wells et al •• 1970; Williams, 1967). 
Early studies of the Arumbera were primarily reconnaissance in nature, 
and covered large areas of the basin. Recently, two detailed 
petrological studies (Conrad, 1981; Phillips. in prep.) have evaluated 
the Arumbera Sandstone in the northeast and east-central Amadeus Basin. 
This additional petrological study is needed to provide nearly complete 
coverage of outcrops of the Arumbera within the basin. 
Purpose of Investigation 
The purpose of this study is to examine petrologically the Arumbera 
Sandstone in the western MacDonnell Ranges, central Australia. Aspects 
of the study include: (1) the nature of the contacts between 
depositional units, and determination of vertical and lateral variations 
in thickness and lithology of depositional units within the Arumbera; 
(2) identification of rock units which overlie and underlie the Arumbera 
and the nature of the interformational contacts; (3) the use of 
lithologic and thickness data to interpret syndepositional tectonics in 
the area of study during deposition of the Arumbera; 
(4) paleoenvironmental interpretation of depositional units within the 
Arumbera based on lithology, sedimentary structures, and paleocurrent 
indicators; (5) petrographic examination of selected rock samples to 
determine original mineralogy, average grain size, sorting, primary and 
secondary porosity , diagenetic sequence of cementation and alteration , 
classification of rock types, and provenance; and (6) the combination 
of data from this study with those of Conrad (1981) and of Phillips (in 
prep.) to provide a basin-wide synthesis of stratigraphy. 
Location and Accessibility 
Figure 1 shows the area of study within the western MacDonnell 
Ranges. Haast Bluff Native Settlement lies near the western border, 
whereas Ellery Creek is situated on the eastern border (Fig. 2). The 
area of study is approximately bounded by 131° 30" and 133° 15" 
west longitudes and by 23° 30" and 24° 00" south latitudes. 
Access along the western MacDonnell Ranges is excellent from Ellery 
Creek to Glen Helen Tourist Camp along a paved two-lane highway. 
Outcrops of Arumbera usually lie within 200 m of the paved highway. 
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From Glen Helen Tourist Camp to Haast Bluff Native Settlement, access is 
fair along a two-lane dirt road that lies one to ten km from outcrops. 
The Haast Bluff, Stokes Pass, Stokes Pass East, Goyder Pass West, and 
Glen Helen West stratigraphpic sections could be reached only by 
negotiating strike valleys and rocky bottoms of transverse ephemeral 
streams. 
Field Methods 
Field work was conducted from June to September 1983. General 
locations of measured stratigraphic sections were first chosen on the 
Hermannsburg and Mt. Liebig 1:250,000 geologic maps (Prichard and 
Quinland, 1962; Wells et al., 1965). A series of 1950 aerial 
photographs (approximate scale: 1:16,000) were used to locate access and 
favorable exposures. After arrival at a selected section, upper and 
lower formational contacts were located. Necessary offsets were planned 
in advance, which allowed the most favorable exposures to be traversed. 
Eight stratigraphic sections were chosen between Ellery Creek and 
Haast Bluff. Their locations are shown in Figure 2. Locations of 
stratigraphic sections and physiographic features mentioned in the 
present study are shown in Figure 3. Sections originally were selected 
about 25 to 30 km apart, but other sections were added in the west, 
where needed, to ensure correlations of depositional units within the 
Arumbera. Also, units within the Arumbera were traced laterally between 
sections on the aerial photographs. 
All measured sections were taped upsection perpendicular to strike 
with two staffs, 1.5 m long, a metal tape 50 m long, an Abney level, and 
3 
a Brunton-style compass. The methods used are described by Kottlowski 
(1965). 
Homogeneous lithologies were sampled every 30 m along the tape at 
all sections except where more frequent changes in lithology dictated 
more closely spaced sample sites. Lithologic data recorded at each 
sample site included: (1) range in grain size; (2) average grain size; 
(3) grain shape and roundness; (4) sorting (Folk, 1974); 
(5) composition; (6) rock type; (7) cements; (8) porosity; and 
(9) fresh and weathered colors (Goddard, 1979). 
The term sandstone was used in field descriptions if rock samples 
broke around individual grains and consisted of greater than 50% 
sand-sized particles and less than 25% gravel (Pettijohn, 1975) . Those 
samples which broke through individual grains were called 
orthoquartzites. Rudites were classified as orthoconglomerates (<15% 
mud matrix) and paraconglomerates (Pettijohn, 1975, p. 165). Mudrocks 
contain mor e than 50% terrigenous particles finer than 1/16 mm. They 
were classified in the field as siltstones if composed of greater than 
2/3 silt; mudstones, if 1/3 to 2/3 silt; and claystones, if less than 
1/3 silt (Blatt et al., 1980). If mudrock samples were fissile, 
''-shale" was substituted for the term "-stone" in the rock name. 
Carbonate rocks contain more than 50% carbonate minerals (cf. Leighton 
and Pendexter, 1962, p. 51.). Carbonates that effervesced freely in 
dilute hydrochloric acid were called limestones, whereas samples that 
effervesced in powdered form were termed dolostones. 
Porosity and permeability were estimated by observing the time 
required for penetration by a drop of 10% HCl solution. Porosities 10% 
or greater are considered good, and correlate roughly with penetration 
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rates of 5 to 9 seconds. Porosities of 1 to 5% are considered poor, and 
correspond roughly with penetration rates of 10 to 15 seconds. 
Porosities less than 1% are considered very poor, and correspond 
generally with penetration rates greater than 15 seconds. 
Exposed inorganic and organic sedimentary structures such as types 
and thickness of laminae, types and thickness of bedding, cross 
stratification, and trace fossils were recorded. Laminae and bedding 
were classified according to Campbell (1967). The classification scheme 
of Allen (1963) was used to identify types of cross stratification. 
Illustrations and descriptions from Conybeare and Crook (1968) and Harms 
et al. (1975) also aided in classification of sedimentary structures 
such as shrinkage cracks, raindrop imprints, and some types of ripples. 
Attitudes of paleocurrent indicators, such as axes of channels, 
slip faces of dunes, and occasional slip faces of well-exposed current 
ripples were recorded. 
Hand samples collected for petrographic examination were taken 
primarily from three stratigraphic sections, 14 from Ellery Creek, 24 
from Stokes Pass East, and 10 from Haast Bluff. Two samples each were 
collected at the Glen Helen West and Glen Helen East sections. Hand 
samples from Ellery Creek were desired because this section lies 5 km 
east of the type section designated by Prichard and Quinland (1962). 
The Stokes Pass East section was chosen for the largest suite of hand 
samples because of the large number of rock types present and the 
complex intertonguing of lithofacies. Samples for petrographic study 
also were taken from the Haast Bluff section because lithofacies at the 
top of that section are not present at any other section measured. To 
5 
detect possible lateral changes in grain size or composition within 
lithofacies 2a, samples were collected from the Glen Helen West and East 
sections. 
Detailed sampling for petrographic analysis was not justified by 
the primary emphasis of this study, which is the synthesis of physical 
stratigraphy. Also, Conrad (1981) and Phillips (in prep.) have shown 
little mineralogic variability laterally or vertically within the 
Arumbera through the areas to the east and to the south, respectively. 
Visual examination of many samples, with a 14x hand lens, showed little 
mineralogic variability within the study area. A problem for systematic 
sampling is caused by silicrete and iron-manganese gossan, which covers 
many outcrops in the Amadeus Basin (Conrad, 1981; this study), and have 
produced a strong epidiagenetic overprint in many relict areas near the 
former land surfaces. Also, shaly intervals have very poor exposures 
due to the high dips present in the area of study. 
The principal petrographic interest of Magellan Petroleum 
Australia, Ltd. was to characterize diagenetic events prior to 
telogenesis and to evaluate the presence and origin of secondary 
porosity, particularly in the coarser sandstones. Therefore, a 
random-stratified sampling technique was inappropriate. Instead, a 
search-sampling technique was employed to: (1) avoid near-surface 
weathering effects and covered intervals in order to characterize 
original mineralogy and pre-telogenetic processes; and (2) sample 
coarser sandstones within each lithofacies to aid in determination of 
provenance and reservoir potential. 
A sketch of the geologic units in topographic profile was drawn at 
each measured section. Strip logs (Appendix E) and fence diagrams (Fig. 
6 
4 and Plate 1) were constructed from lithologic and thickness data. 
Laboratory Methods 
Because the principal emphasis of this study is the synthesis of 
physical stratigraphy of the Arumbera, the petrographic objectives of 
the study are limited. 
After the field season, 52 thin sections were prepared by Roberts 
Petrographic Service, Monterey, CA. Thin sections were stained for 
feldspars (Bailey and Stevens, 1960), and impregnated with dyed epoxy 
(Hayes, 1979, p. 129) to facilitate the identification of feldspars and 
the recognition of original and secondary porosity. Thirteen thin 
sections were point-counted with a mechanical stage attachment. The 
remaining thin sections were characterized by means of visual-estimation 
charts. During point counts, 200 grains were recorded to allow 
comparison with petrographic data derived by Conrad (1981) and by 
Phillips (in prep.), and this study found that 200 counted grains 
corresponded to approximately 300 observation points per side. A 
maximum error of plus or minus 5.8%, at a 95% confidence interval, is 
present when the number of observation points equals 300 (van der Plas 
and Tobi, 1965). Pettijohn et al . (1972, p. 587) noted that 200 to 500 
observation points are standard in modern petrographic studies of 
sandstones. Data recorded included: (1) mineralogy, before and after 
formation of secondary porosity (Shanmugan, 1985), (2) longest grain 
diameter, (3) shape, (4) roundness or angularity (Powers, 1953), 
(5) quartz types (nonundulatory, undulatory, and polycrystalline; Basu 
et al., 1975), (6) inclusions, (7) cements, before and after formation 
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of secondary porosity (Shanmugan, 1985), (8) matrix, (9) diagenetic 
alterations, (10) primary and secondary porosity (Schmidt and McDonald, 
1979). 
Grain-size data from the point-counted thin sections were converted 
to sieve-size equivalents (Friedman, 1958). From these data, 
cumulative-frequency-probability curves and weight-frequency curves were 
plotted (Appendix C). Statistical measures (graphic mean, inclusive 
graphic standard deviation, and inclusive graphic skewness; cf. Folk and 
Ward, 1957; Folk, 1974) were calculated (Table 5). Sandstone samples 
examined petrographically were classified by mineralogy (Dickinson and 
Suczek, 1979; Folk, 1974, p. 126; Table 8) . 
Nineteen mudrock samples were analyzed for qualitative mineralogy 
using x-ray diffraction (Table 6). Oriented mounts were prepared from 
powdered samples mixed with distilled water. The slurry was air - dried 
on glass slides. Slides were scanned between 2° two-theta and 
35° two- theta at 2° two- theta per minute. Samples with peaks 
between 5° and 6° two-theta were placed for at least one hour in 
a desiccator which contained ethylene glycol at 60° C. Glycolated 
samples were rescanned to distinguish between montmorillonite and 
chlorite-vermiculite clay minerals (Carroll, 1970). All samples with 
peaks at 12.5° two-theta were heated to approximately 550° C for 
at least one hour, then rescanned to distinguish between kaolinite and 
chlorite (Carroll, 1970). 
Paleocurrent data from outcrop observations were plotted on rose 
diagrams (Figs. 18-23) and on strip logs (Appendix E) after correction 
for tectonic tilt. Vector means, mean angular deviation and length of 
vector means were calculated from each current-rose diagram (Reyment, 
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1971), and are listed in Table 10. Individual rose diagrams were tested 
for randomness using a chi 2 test at the 0.05 and 0.20 probability 
levels. Rose diagrams based on 9 to 24 samples were tested using 3 to 4 
class intervals and expected observations in each class interval (Table 
10). Those with fewer than 9 samples were not tested. 
Lithologic parameters of measured stratigraphic sections (Appendix 
E) are summarized in Table 11. 
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GENERAL GEOLOGIC SETTING 
The geology of the Amadeus Basin was reported by Wells et al. 
(1970). Preiss et al. (1978) further refined the stratigraphic 
nomenclature. Basin evolution, paleogeography, and hydrocarbon 
generation was discussed by Jackson et al. (1984). The following 
summary is primarily derived from these publications. General 
stratigraphic relationships are shown in Figure 5. 
The Amadeus Basin is an asymmetric , easterly trending, 
intracratonic depression approximately 800 km long and 320 km wide 
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(Fig. 1). The basin is bounded in the north and south by igneous and 
metamorphic basement rocks, whereas the east and west margins are 
obscured by nearly flat-lying Permian and younger deposits. The 
deformed sedimentary section has a maximum thickness in excess of 15,000 
m, and ranges in age from Late Proterozoic to latest Devonian. Tertiary 
and Quarternary deposits form a thin surficial cover in many parts of 
the basin. 
Late Proterozoic (Adelaidean) sedimentation began with 
transgression of the sea over cratonic basement rocks and deposition of 
quartz arenites (Heavitree and Dean quartzites) on a stable 
epicontinental craton. Subsequently, restricted and locally hypersaline 
marine environments were formed in which carbonates, evaporites and 
mudrocks of the Bitter Springs Formation were deposited. Since the Late 
Proterozoic, passive salt tectonics, primarily within the Bitter Springs 
Formation, has resulted in salt domes, piercement structures (e.g., 
Goyder Pass diapir), and growth anticlines 
(e.g., Brumby anticline, McNaughton et al., 1968; cf. Oaks et al., 
1982). 
Following deposition of the Bitter Springs, sediments were shed 
from uplifted blocks along the present northern, western and southern 
margins of the basin during the Areyonga movement. This tectonic 
episode may have initiated an east-west hinge line or Central Ridge 
(Oaks, 1983) situated in the north-central part of the basin, away from 
which the sedimentary section thickens northward and southward. In the 
northern portion of the basin paralic environments were dominant 
(Areyonga Formation), while paralic and possibly continental 
environments (Inindia Beds) existed to the south. Both areas received 
minor influx of ice-rafted striated glacial debris. 
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Renewed uplift of the southern provenance, during the Souths Range 
Movement, resulted in deposition of shallow-marine sandstones and shales 
in a southern trough (Winnall Beds), and deposition of muds (Pertatataka 
Formation) and carbonates (Julie Formation) on a northern shelf. 
The Petermann Ranges orogeny occurred in the southern part of the 
Amadeus Basin near the end of the Proterozoic during a phase of 
recumbent folding and basement-cored northward thrusting. Salt within 
the Bitter Springs Formation acted as the decollement horizon during 
thrust faulting (Forman and Shaw, 1973). Molasse sediments were shed to 
the north into predominantly deltaic environments (Arumbera Sandstone). 
The Petermann Ranges orogeny established an easterly trending Paleozoic 
depocenter near the present north margin of the Amadeus Basin (Wells et 
al., 1970). 
Following deposition of the Arumbera Sandstone, epeirogenic 
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movement uplifted the north-central part of the basin, so that the upper 
part of the Arumbera was eroded there, while shallow-marine shales and 
carbonates (Todd River Dolomite) were deposited to the northeast (Hamp, 
1984). Subsequently, shallow-marine shales, carbonates, and evaporites 
(Chandler, Giles Creek, Hugh River, and Shannon formations) were 
deposited in an onlap relationship to the Arumbera from the northeast to 
the north-central part of the basin. Continental environments dominated 
to the west with the deposition of the Cleland Sandstone over erosional 
remnants of Arumbera Sandstone (Fig. 4 and Plate 1). 
Late Cambrian sedimentation was characterized by an overall marine 
transgression during which the Goyder Formation was deposited. A 
subsequent transgression from the north followed during the Early 
Ordovician. Marls, muds and silts (Horn Valley Siltstone) were 
deposited on an open shelf, while intertidal flats and barrier bars 
(Pacoota Sandstone) formed to the south. Cycles of transgression and 
regression persisted through most of the Ordovician and formed similar 
intertidal environments to the south (Stairway Sandstone) and 
shallow-marine environments to the north (Stokes Formation). A final 
Ordovician regression produced sedimentation predominantly in estuarine 
and deltaic environments (Carmichael Sandstone). 
During the Early Silurian, the Rodingan movement in the northeast 
caused erosion of 1 to 3 km of Cambre-Ordovician section from the 
eastern part of the basin. By the Early Devonian, complex interactions 
between a shallow sea and sediment transported by eolian and fluvial 
processes produced the Mereenie Sandstone. 
The Pertnjara movement, which marks a second, early pulse of the 
Alice Springs orogeny, occurred in the Late Devonian. Large blocks of 
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basement and overlying sedimentary rock were uplifted along the northern 
margin of the basin. Molasse sediments were shed southward to form the 
Pertnjara Group (Parke Siltstone, Hermannsburg Sandstone, and Brewer 
Conglomerate) in lacustrine, eolian, and alluvial environments. 
The Alice Springs orogeny caused widespread deformation throughout 
the Amadeus Basin until the Early Carboniferous. The basin has been 
rather inactive since with only minor amounts of terrestrial deposits. 
In the northeastern part of the basin, structures consist of recumbent 
basement-cored nappes and overthrusts formed in the Arunta Complex while 
folds, strike-slip faults, and thrust faults deformed the overlying 
sedimentary section. Structures in the central and western parts of the 
basin are large-scale folds which are commonly asymmetric, and in some 
cases have thrust-faulted cores. 
Julie Formation 
RELATIONSHIPS OF ROCK-STRATIGRAPHIC UNITS 
IN THE WESTERN MACDONNELL RANGES 
Pre-Arumbera Stratigraphy 
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Definition. The Julie Formation was first defined as the Julie 
Member of the Pertatataka Formation by Wells et al. (1967, p. 30). 
Preiss et al. (1978) elevated the Julie to formational status. Preiss 
et al . (1978) reported that the Julie was consistently intercalated 
between underlying shale typical of the Pertatataka and overlying 
sandstone and mudrock of the Arumbera Sandstone. The type section is at 
the east side of the entrance to Ross River Gorge. Because all subunits 
of the Julie (as defined by Oaks, 1983) are not present at the type 
section, good exposures at Ellery Creek, near Julie dam, along the 
cliffs east of Phillipson Pound, and near Larrier bore are more typical, 
and should be considered for reference sections (Oaks, 1983). Details 
of litholigic parameters recorded during the present study are in 
Appendix E. 
Age. A Late Proterozoic age is inferred for the Julie Formation 
based on stratigraphic position (Wells et al., 1967). It lies below a 
thick sequence of Arumbera Sandstone which in turn is overlain by the 
Todd River Dolomite which contains Early Cambrian fossils. 
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Pertatatakg Formation 
Definition. Chewings (1935) included all units between the Bitter 
Springs Formation and Arumbera Sandstone in the Pertatataka Series. 
Prichard and Quinlan (1962) removed the Areyonga Formation from the base 
of their Pertatataka Formation. Preiss et al. (1978) redefined the 
Pertatataka to exclude the Julie Member of Wells et al. (1967). The 
type section is located 5 km west of Ellery Creek. Details of 
lithologic parameters recorded during the present study are in Appendix 
E. 
Age. Shale assigned to the Pertatataka Formation in the 0oraminna 
No. 1 and the Mt. Charlotte No. 1 wells have Rb/Sr age dates of 760 ~ 
33 m.y. and 822 ~ 8 m.y., respectively (Wells et al., 1967, p. 
25). A Late Proterozoic age is also suggested by the thick overlying 
sequence of Julie and Arumbera without body fossils beneath the 
archeocyathid-bearing Todd River Dolomite. 
Distributions of the Julie 
and Pertatataka Formations 
Two successive rock units of subequal thickness and with 
lithologies typical of the Julie Formation are present within an eastern 
sub-basin of the study area between the Glen Helen West and Ellery Creek 
sections (Fig. 4). This eastern sub-basin is hereafter called the 
Missionary Plain sub-basin (McNaughton and Huckaba, 1980). Intercalated 
between the two rock units similar to the Julie is a thick sequence, or 
tongue, of red and green shales typical of the Pertatataka Formation. 
Similar shales, typical of the Pertatataka, also underlie the lowermost 
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unit of the Julie. The lower unit of Julie is readily divided into two 
subunits: (1) a lower sandstone-bearing sequence, and (2) an upper 
dolostone-bearing sequence. These are similar to the two subunits 
recognized in the Julie in the Phillipson Pound area (Oaks, 1983). The 
upper Julie unit most tlosely resembles lithologies present in subunit 1 
of the lower Julie unit in its dominance of terrigenous rocks, although 
dolostone is present locally. The Arumbera Sandstone directly overlies 
the upper Julie unit along a sharp contact in the Missionary Plains 
sub-basin. 
Where the uppermost shale of the Pertatataka and the overlying 
carbonate rock of the Julie are rather thin (e.g., Ellery Creek), 
Williams (1967) placed the basal contact of the Arumbera Sandstone at 
the top of the lower unit of Julie. This caused more than 125 m of the 
Julie and Pertatataka formations to be included within the Arumbera 
' Sandstone at several of Williams' measured sections. 
The lower unit of Julie Formation is present within a western 
sub-basin, hereafter called the Carmichael sub-basin (MacNaughton and 
Huckaba, 1980), between the Goyder Pass and Haast Bluff sections. It is 
laterally continuous, although poorly exposed. The upper unit of Julie 
is present locally as a thin tongue within the uppermost shale of the 
Pertatataka (Fig. 4). The lower unit of Julie is dominantly terrigenous 
in the Carmichael sub-basins. It lacks carbonate rocks except at the 
Goyder Pass West section, where they are present at the top of the lower 
unit of Julie. In covered intervals, the contact between sub-units 1 
and 2 of the lower unit of the Julie is based on the common occurrence 
of chert in float of subunit 2, but not in subunit 1. Where exposed, 
the contact between the Arumbera Sandstone and the Pertatataka is sharp. 
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The apparent intertonguing relationship between the Julie and 
Pertatataka formations suggests that deposition was essentially 
continuous and simultaneous, and that lateral migration of environments 
took place through time to produce cyclic repetition vertically of these 
formations. This relationship also suggests that the original 
definition of the Julie as a member within the upper part of the 
Pertatataka was accurate. 
Oaks (1983) reported a similar tongue of Pertatataka overlying 
subunits 1 and 2 of the Julie around the margin of Phillipson Pound. 
This tongue underlies carbonate rocks similar to those in sub-unit 2 in 
the lower unit of the Julie. He interpreted this relationship to be the 
result of slightly greater subsidence due to passive salt tectonics that 
produced an episode of slightly deeper-water deposition of shale between 
the two intervals of oolitic carbonates of the Julie. Similarly , the 
sub-basins situated across the western MacDonnell Ranges may have 
undergone slightly greater subsidence due to movement of salt into an 
incipient Goyder Pass diapir. 
Post - Arumbera Stratigraphy 
Chandler Formation 
Definition. Ranford et al. (1966, p. 18) named the Chandler 
Limestone for the Chandler Range, south of Highway No. 1 well. The type 
area was designated 10 km northeast of Tempe Downs homestead. Because 
of the variable lithologies present in the Chandler, Deckelman (1985) 
and Oaks (1983) proposed that the name be modified to Chandler Formation 
in place of Chandler Limestone. Characteristics of the Chandler 
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recorded during the present study are in Appendix E. 
Age. The Chandler Pormation is underlain by the fossiliferous 
Early Cambrian Todd River Dolomite in the northeast Amadeus Basin. In 
that area it is overlain by fossiliferous units of early Middle Cambrian 
Age. The Chandler was regarded as Early Cambrian in age by Wells et al. 
(1967). However, Oaks (1983) reported the presence of early Middle 
Cambrian hyolithids (Biconulites) in the Chandler in the northeast 
Amadeus Basin. 
Distribution of the Chandler Formation 
A thin stratigraphic interval containing dark gray chert 
characteristic of the Chandler Formation lies just above the Arumbera at 
the Ellery Creek and Glen Helen East sections. Williams (1967) reported 
fetid limestone at Ellery Creek in this stratigraphic interval. Despite 
a detailed search, none was found during the present study. The 
chert-bearing unit lies disconformably between the Arumbera Sandsone and 
Hugh River Shale (Fig. 4). 
Williams (1967) reported a chert marker, which he believed to be 
Chandler, west at least to Haast Bluff. The marker lies at the top of 
the highest major Arumbera strike ridge, and is approximately coincident 
with the datum in Figure 4, at the top of Unit 2. Williams recorded the 
marker on strip logs (W66-30, W66-45A) as consisting of large angular 
chert fragments within a sandstone matrix. At the Glen Helen West 
section, the highest sandstones within lithofacies 2a, at the top of the 
highest strike ridge contain large platy, angular chert nodules up to 
14 cm in the longest dimension within a groundmass of silty to 
coarse-grained sandstone. Abundant molds of shale lithoclasts up to 
li cm in the longest dimension are present in lithofacies 2a at the 
Stokes Pass East section. Petrographic examinaton of a sample from the 
Glen Helen West section confirms that the large angular chert plates 
which lie in a sandstone matrix and underlie unit 3 of the Arumbera 
Sandstone are former molds of shale lithoclasts filled by silica near 
the present surface during the Tertiary. The Chandler Formation 
probably does not extend significantly west of the Glen Helen East 
section. 
Hugh River Shale 
19 
Definition. The Hugh River Shale was named by Prichard and Quinlan 
(1962) for poorly exposed mudrocks which overlie the Arumbera Sandstone 
between Alice Springs and Jay Cr eek. A type section has not been 
assigned. Lithologic parameters recorded during the present study are 
in Appendix E. 
Age. Wells et al. (1967) tentatively assigned an early Middle 
Cambrian age to the Hugh River Shale. John Gorter (1981, oral comm. to 
J.A. Deckelman) assigned a late Middle Cambrian age to the upper part of 
the Hugh River shale based on microfossils at the top of the Hugh River 
Shale that he believed are correlative with those at the top of the 
highest shale below the lowest carbonate beds of the Shannon Formation. 
Cleland Sandstone 
Definition. The Cleland Sandstone was defined by Wells et al. 
(1965). It crops out at scattered localities in the central and 
northwestern Amadeus Basin, and conformably underlies the Goyder 
Formation or the Pacoota Sandstone (Ranford et al., 1966). Details of 
the lithologic parameters recorded during the present study are in 
Appendix E. 
Age. Ranford et al. (1966) considered the Cleland to be a lateral 
equivalent of part of the Pertaoorrta Group, but because the base is 
poorly exposed, an exact correlation was not possible. Data presented 
in the present study suggest that the Cleland is equivalent to part of 
the Hugh River Shale, and therefore probably is Middle Cambrian in age. 
Distribution of the Hugh River 
Shale and Cleland Sandstone 
Hugh River Shale is present at all sections east of Haast Bluff. 
From the Stokes Pass section to the Glen Helen West section, it 
disconformably overlies the Arumbera Sandstone. At the Glen Helen East 
and Ellery Creek sections, it disconformably overlies the Chandler 
Formation (Fig. 4). 
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Two tentative subdivisions can be made within the Hugh River Shale. 
The lower unit is composed of shale with minor sandstone. At the Glen 
Helen West and Ellery Creek sections, thin interbeds of dolostone 
comprise a small percentage of the outcrops. The lower unit (Oaks, 
1983) of the Shannon Formation and possibly the Giles Creek Formation 
are probably equivalent to this lower unit at Ellery Creek. 
The upper unit contains subequal proportions of shale and 
sandstone. Tongues of the upper unit (Oaks, 1983) of the Shannon 
Formation (equivalent to the Jay Creek Limestone as mapped previously in 
this area but not as mapped elsewhere) are present in the same 
stratigraphic interval at Ellery Creek and near Glen Helen Tourist Camp. 
The upper contact with the Goyder Formation is typically marked by 
a sharp color change and an increase in both the sand fraction and 
sorting. The contact is conformable and gradational through a few 
meters. This contact is readily located and traced laterally on aerial 
photographs where weathering tones change from darker to lighter 
upsection. 
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The western transition to the Cleland Sandstone apparently starts 
near Stokes Pass, where the Cleland Sandstone is intercalated between 
the Goyder Formation and the upper unit of the Hugh River Shale. At 
Haast Bluff, Cleland Sandstone disconformably overlies the Arumbera and 
underlies the Goyder. The area between the Stokes Pass and Haast Bluff 
sections is poorly exposed and structurally disturbed. Exact 
relationships between the Cleland and Hugh River are unclear and warrant 
further study. 
Arumbera Sandstone 
Previous Work 
Conrad (1981) provided a detailed review of literature pertaining 
to the Arumbera Sandstone. Since Conrad's study, Magellan Petroleum 
Australia, Ltd. has supported additional investigations of the Arumbera 
and its equivalents in the Gardner Range (Phillips, in prep.) and of the 
Arumbera in the western MacDonnell Ranges (this study.) 
Definition 
The Arumbera was formally named the Arumbera Graywacke by Prichard 
and Quinlan (1962). The type section is -1ocated 5 km west of Ellery 
Creek (Prichard and Quinlan, 1962). Wells et al. (1965) redefined the 
unit as the Arumbera Member of the Pertaoorrta Formation. Wells et al. 
(1967) adopted the present usage of Arumbera Sandstone of the 
Pertaoorrta Group. 
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Hopkins (1964) and Wells et al. (1967) divided the Arumbera into 
four units on the basis of lithology. Daily (1972) and Cowie and 
Glaessner (1975) proposed a possible revision of nomenclature based on a 
presumed unconformity between Units 2 and 3. However, no physical 
evidence for a significant unconformity between Units 2 and 3 was found 
by Conrad (1981), by Phillips (in prep.), or during the present study. 
Conrad further divided Unit 2 into three subunits and Unit 4 into two 
subunits. Conrad's (1981) unit designations correspond to a repeated 
vertical alternation of nearshore-marine environments (Units 1, 2b, 3a, 
and 4b) and fluvial environments (Units 2a, 2c, and 4a) within the 
Arumbera. 
In the Gardiner Range, western MacDonnell Ranges, near Deep Well 
homestead, and east of Casey Bore uplift (Plate 1), the Arumbera becomes 
even more cyclic in nature. It is still possible to identify 
genetically related units similar to those of Conrad (1981). However, 
these genetic units intertongue, and thus do not form the same clear-cut 
vertical sequence as in the northeastern Amadeus Basin. Hamp (1984) and 
Phillips (in prep.) proposed that the "unit" designation be modified to 
include a secondary designation of lithofacies which denotes genetically 
similar sedimentary packages without connotation of a strict vertical 
succession. 
Distribution of the 
Arumbera Sandstone 
Lithofacies la and le. Lithofacies la is thickest at the Haast 
Bluff section in the Carmichael sub-basin and at the Ellery Creek 
section in the Missionary Plain sub-basin (Table 12). Lithofacies la 
thins toward the Goyder Pass area in both sub-basins (Fig. 4). 
Syndepositional thinning is particularly abrupt from the Goyder Pass 
West section eastward to the Goyder Pass section. 
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Thin tongues of lithofacies 2a are present in lithofacies la at the 
Glen Helen East section. Lower contacts of the tongues are sharp, wavy, 
and scoured . Upper contacts are sharp and planar. 
Lithofacies lb, identified by Phillips (in prep.) in the Gardiner 
Range, was not recognized in the western Macdonnell Ranges during this 
study. 
Lithofacies le was recognized at the Glen Helen East and Ellery 
Creek sections. It is present as a very thin (50 cm) discontinuous 
lens. Upper and lower contacts are sharp. 
The contact between Unit 1 and the underlying Pertatataka in the 
Carmichael sub-basin and with the Julie in the Missionary Plain 
sub-basin is sharp. The contact appears conformable, but could be a 
disconformity. The upper contact of Unit 1 with Unit 2 is sharp and 
locally scoured. Although this upper contact could be a disconformity, 
the tongues of lithofacies 2a within lithofacies la suggest that the 
sharp upper contact is probably the result of northward migration of 
fluvial deposition, perhaps due to a pulse of tectonic uplift in the 
south, or to a decreased rate of subsidence in the north. 
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Lithofacies 2a, 2b, and fC· The lower boundary of Unit 2 is placed 
where fluvial sandstones of lithofacies 2a persist laterally. In the 
Missionary Plain sub-basin, Unit 2 thickens toward the Glen Helen East 
section (Fig. 4). At this section, lithofacies 2b is present as three 
marine tongues within lithofacies 2a. The lower and upper tongues are 
subequal in thickness. Both are much thinner than the middle tongue. 
Lithofacies 2c was not recognized in the Missionary Plains sub-basin. 
The Carmichael sub-basin contains only two tongues of lithofacies 
2b within lithofacies 2a. Lithofacies 2c is present as very thin, 
laterally discontinuous lenses or tongues within the highest lithofacies 
2b at the three westernmost sections. 
The middle lithofacies 2a is very thick at the Goyder Pass West 
section whereas an anomalously thick marine tongue of lithofacies 2b is 
present at the Stokes Pass East section. This marine tongue may be 
correlative with both of the lower tongues of lithofacies 2b in the 
Missionary Plains sub-basin. Figure 4 appears to be a section through 
fluvial distributary lobes positioned on both sides of the Stokes Pass 
East section. If so, the shoreline lay north of the distributary lobes, 
and a marine embayment extended southward to the Stokes Pass East 
section at that time. Several higher tongues of lithofacies 2b may 
extend eastward to a partially covered interval within the middle 
lithofacies 2a at the Goyder Pass West section. However, the aggregate 
thickness of such tongues probably is not very great. 
Where exposed, contacts within Unit 2 generally are sharp and 
planar. Lower contacts of lithofacies 2a are locally scoured. At the 
Haast Bluff section, the lower contact of the highest lithofacies 2a is 
gradational through 3 to 4 m. Contacts between Units 2 and 3 generally 
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are covered due to the recessive nature of lithofacies 3a and the steep 
dips in the field area. A planar contact is exposed at the Ellery Creek 
and Stokes Pass East sections. 
Lithofacies 3a and 3b. Unit 3 is present at the three westernmost 
sections and at the Glen Helen West and Ellery Creek Sections (Fig. 4). 
Unit 3 consists primarily of nearshore-marine shales and sandstones 
(lithofacies 3a) which contain tongues of fluvial-sheet sandstones 
(lithofacies 3b) up to 60 m thick. Correlations of lithofacies 3a and 
3b between the Haast Bluff and the Stokes Pass sections are based on 
aerial-photo interpretation. Laterally unit 3 thickens westward, in 
part probably due to differential subsidence, especially evident at the 
Haast Bluff section (Fig. 4). However, most of the thickening is due to 
less post-depositional erosion in the west. The highest lithofacies 3b, 
at the Stokes Pass and Stokes Pass East sections may be correlative with 
' the highest lithofacies 3b at the Glen Helen West section (see Appendix 
E) based on similar grain size and fresh and weathered colors. This 
suggests that depositional thinning of unit 3 continued eastward, and 
also that unit 3 extended across the entire field area prior to erosion. 
The remaining erosional remnants of unit 3, especially in the east. are 
too incomplete to permit speculation on the continued existence of the 
Carmichael and Missionary Plains sub-basins during deposition of unit 3. 
The low-angle regional unconformity between the Arumbera and the 
overlying Cleland Sandstone, Hugh River Shale, and Chandler Formation 
suggests that a post-depositional erosional surface formed after 
deposition of the Arumbera. The resulting paleosurface resembles 
features formed in semi-arid and arid climates today (Twidale, 1976, 
p. 273-280). The steep erosional surface which truncates the eastern 
face of unit 4 and the upper part of unit 3 at the Haast Bluff section 
is seen in profile in the aerial photographs because the beds are 
essentially vertical. This steep face resembles a retreating scarp in 
unit 3 beneath a resistant caprock formed by sandstones of Unit 4 
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(Fig. 4). Eastward from the base of this scarp at least to the Stokes 
Pass East section, the erosional surface resembles a stripped structural 
plain. Between the Stokes Pass East and Goyder Pass West sections, this 
erosional paleosurface has a minimum average slope of approximately 9 
degrees eastward relative to the top of unit 2. In this area, the 
erosional surface truncates bedding at a low angle, and thus resembles a 
pediment. The erosional surfaces near the Glen Helen West and Ellery 
Creek sections similarly truncate unit 3, and thus also may be parts of 
former pediments. Between Glen Helen Tourist Camp and the Glen Helen 
East Section, and at the Goyder Pass West section, the upper surface may 
be a stripped structural plain at the top of resistant sandstones of 
lithofacies 2a. 
These possible paleolandforms suggest that arid to semi-arid 
climatic conditions may have dominated in the Amadeus Basin shortly 
after deposition of the Arumbera. Such an interpretation is consistent 
with evidence from the northeastern Amadeus Basin, where: 1) halite 
casts are present in the upper part of subunit 4b of the Arumbera; 
2) thick-bedded salt and gypsum characterize the younger Chandler; and 
3) extensive carbonates of the Cambrian Chandler, Giles Creek, and 
Shannon formations are virtually devoid of body fosils and trace fossils 
south of Ross River Gorge (Conrad, 1981; Deckleman, 1985; Oaks, 1983). 
Exposed contacts within unit 3 are sharp to gradational through 1 
to 18 m. The contact between units 3 and 4 lies in a covered interval 
equivalent to a stratigraphic thickness of 18 m. The top of unit 3 was 
chosen at the base of the lowest moderate red sandstones of unit R in 
the western MacDonnell Ranges (Haast Bluff section, Appendix E). The 
highest outcrops of sandstone of unit 3 are grayish brown. 
Lithofacies 4a. Lithofacies 4a was recognized at the Haast Bluff 
section (Fig. 4). A NW-SE-trending normal fault is present near the 
eastern termination. The fault extends northwest (downsection) and 
terminates in unit 3. Its southeast extent in the Cleland is unknown. 
The top of lithofacies 4a forms a steep dipslope, the toe of which 
is covered by stream gravels. Williams (1967) inferred a normal fault 
along the stream at the toe. Evidence such as gash fractures and 
slickensides are not present in the upper beds of lithofacies 4a. Soil 
profiles are consistently light-colored, and topographic relief is 
gentle from the toe of the dip slope to the lowest outcrops of Cleland 
Sandstone. Evidence for a fault at the top of unit 4 was not detected. 
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Lithofacies 4b, if originally present , probably was removed by 
erosion, to form a stripped structural plain on the resistant sandstones 
of lithofacies 4a. Thus, the original thickness of the Arumbera may 
have been even greater at Haast Bluff (and eastward) prior to erosion. 
The present measured thickness of 1491 mat Haast Bluff is the thickest 
known measurement for the Arumbera in the Amadeus Basin. It exceeds by 
368 ma demonstrably complete and thick section of the Arumbera overlain 
and underlain gradationally by the Todd River Dolomite and Julie 
Formation, respectively, near Wyeecha Bore in the northeast part of 
Phillipson Pound (Conrad, 1981). 
PETROGRAPHY OF THE ARUMBERA S NDSTONE, 
WESTERN MACDONNELL RANGES 
General Statement 
Fifty-two thin sections were prepared for petrographic examination 
from samples of 47 sandstones, 2 mudrocks, 1 dolostone, and 2 
iron-replaced biomicrites. The compositions of 13 thin sections were 
determined by point-counts (Table 1), and the compositions of 39 thin 
sections were estimated using visual-estimation charts (Table 2). 
During point-counts, compositions of thin sections were determined 
to show relative proportions of grains, cement, and porosity before and 
after diagenetic alteration of detrital grains (Shanmugan, 1985). 
Detrital grains affected by diagenetic processes include feldspars, 
metamorphic rock fragments, magnetite, ilmenite, muscovite, biotites, 
and glauconite. 
Feldspar grains commonly are dissolved to form secondary porosity. 
Pores formed from dissolution of feldspars were recognized by their 
tabular forms, which in most cases are outlined by "dust rims" of 
hematite or clay minerals. In some cases feldspar grains are partially 
dissolved, which allowed positive identification. Authigenic kaolinite 
commonly is present in the secondary pores, and is patchy or adheres to 
remnant portions of feldspar grains. This suggests that the kaolinite 
pre-dates the formation of secondary porosity and probably is 
replacement, not pore-fill cement. 
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Schistose and phyllitic metamorphic rock fragments commonly are 
partially dissolved. The resultant secondary pores often contain 
authigenic kaolinite. As in the case of feldspar grains, secondary 
pores in metamorphic rock fragments typically contain kaolinite which is 
patchy. In some cases, the "books" of kaolinite mimic the structure of 
the original mica crystals, and the overall schistose or phyllitic 
texture is preserved. 
Magnetite and biotite commonly are altered to hematite, and 
ilmenite often is altered to leucoxene. Occasionally, muscovite is 
altered to kaolinite. Glauconite grains present in lithofacies 3a are 
altered to kaolinite, and the alteration clearly pre-dates the formation 
of secondary porosity. No attempt was made to estimate amounts of 
cement dissolved except in instances where rhombic-shaped pores 
(originally ?dolomite) are present in quartz cement. In many cases, 
kaolinite is present in the rhombic-shaped pores, and is partially 
dissolved. 
The first value listed under total porosity in Table 1 represents 
porosity which could not be classified as the result of dissolution of 
detrital grains or rhombs of carbonate cement. However, some of it may 
represent dissolved quartz cement. 
All values listed in Table 2 for visually estimated thin sections 
represent compositions after diagenetic alteration. Detailed rock names 
of point-counted thin sections are listed in Table 3. 
Lithofacies la 
Grain Mineralogy 
Point-counted Thin Sections. After diagenetic alteration of 
detrital grains, thin sections 5-6 and 5-13 average 61.5% grains 
(range: 61 to 62%), 28.5% cement (range: 28 to 29%), and 10% porosity 
(range: 9 to 11%). The present average compositions reflect a loss of 
12.5% grains, and increases in kaolinite and porosity of 7.5 and 5.0%, 
respectively . 
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Framework grains of both thin sections include quartz (22% 
nonundulatory, 66% undulatory, and 12% polycrystalline; Table 4), 
orthoclase , metamorphic rock fragments (schist and phyllite, with trace 
amounts of gneiss), plagioclase and chert. Thin section 5-6 contains 
sedimentary rock fragments (siltstone) whereas thin section 5-13 
contains a trace of microcline. Accessory grains present in both thin 
sections are magnetite and ilmenite with minor amounts of tourmaline and 
zircon. A trace of detrital garnet is present in thin section 5-6. 
Muscovite and biotite are present in thin section 5-6. 
Visually Estimated Thin Sections. Present compositions of three 
estimated thin sections (Table 2) average 68% grains (range: 66 to 71%), 
28% cement (range: 26 to 30%), 3% porosity (range: 2 to 5%), and no 
matrix. 
Framework grains are mostly quartz, which averages 71% of grains 
(range: 62 to 77%). Orthoclase averages 14% (range: 5 to 24%), 
microcline 2%, and plagioclase 2% (range: trace to 4%). Schistose and 
phyllitic metamorphic rock fragments average 5% of grains (range: 4 to 
7%). Chert grains average 4% and range from a trace to 9% of grains. 
Two thin sections contain sedimentary rock fragments (siltstone) which 
average 1.0% of grains (range: Oto 2%). Accessory minerals include 
muscovite (range: trace to 1%), magnetite (range: 1 to 3%), and traces 
of tourmaline. A trace of biotite is present in thin section 1-1. 
Cement, Matrix, and Porosity 
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Point-counted Thin Sections. Cements present in thin sections 5-6 
and 5-13 (Table 1) are syntaxial quartz overgrowths, authigenic clay 
minerals (kaolinite and minor amounts of illite), and hematite. Trace 
amounts of syntaxial feldspar overgrowths are present in thin section 
5-6. Kaolinite is present primarily as replacement of feldspars. 
Illite is present in thin section 5-13 as "dust rims." 
All porosity is secondary, .and includes partia) dissolution, molds 
of grains, inhomogeneity of packing, and fractures (cf. Schmidt and 
McDonald, 1979). 
Visually Estimated Thin Sections. Cements present in all estimated 
thin sections (Table 2) include syntaxial quartz overgrowths which 
average 15% of the whole rock (range: 7 to 21%), hematite which averages 
5% of the whole rock (range: 2 to 9%), authigenic clay minerals 
(kaolinite and minor illite) which average 2.3% of the whole rock 
(range: 1 to 4%) and syntaxial feldspar overgrowths which average 1.7% 
of the whole rock (range: 1 to 3%). Thin section 1-12 contains 11% 
dolomite cement, and a trace of chert cement is present in thin section 
1-5. Thin section 1-12 contains 1% hematite matrix. All porosity is 
secondary. 
Textural Data 
Point-counted Thin Sections. Mean grain sizes of thin sections 
5-6 and 5-13 are very fine sand (3.3 phi, 0.10 mm) and fine sand 
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(2.4 phi, 0.19 mm), respectively (Table 5). Grain-size distributions of 
both samples are near symmetrical. Thin section 5-6 is poorly sorted, 
whereas thin section 5-13 is moderately sorted. 
Grains in both thin sections are mostly subrounded (68.5%) with 
lesser amounts of rounded (23%), subangular to angular (7.5%), and well 
rounded (1%). Thin section 5-6 contains 7% more subangular to angular 
grains than thin section 5-13, which may be a function of its finer 
grain size (Odom et al., 1976). 
Grains average 46.5% subequant, 41.5% equant, 11.5% bladed, and 
0.5% platy. 
Visually Estimated Thin Sections. Median grain sizes range from 
0.17 to 0.24 mm; all are fine-grained. Samples are well sorted (1-1), 
moderately well sorted (1-5), and poorly sorted (1-12). 
Classification of Sandstones 
Point-counted Thin Sections. Changes in mineralogical 
classification due to diagenetic alteration are shown in Figure 7. Thin 
section 5-6 shifts from the arkose field to that of subarkose, whereas 
thin section 5-13 shifts from the lithic arkose field to the 
subphyllarenite field. 
Visually Estimated Thin Sections. Present mineralogic compositions 
of 
estimated thin sections plot in the fields of arkose (1-1: 
063 F31 R6), of feldspathic chertarenite 
(1-5: 073 F10 R17), and of subarkose 
(1-12: 079 F15 R6). 
Mudrock Mineralogy 
Four mudrock samples analyzed by x-ray diffraction contain quartz, 
orthoclase, illite, kaolinite, chlorite, montmorillonite, and dolomite 
(Table 6). 
Lithofacies le 
Grain Mineralogy 
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Point - counted Thin Sections. One thin section was prepared from 
lithofacies le (Table 1). After diagenetic alteration of detrital 
grains, thin section 1-8 consists of 74% grains, 24% cement, 2% porosity 
and no matrix. The present composition reflects a 2% loss in grains and 
an increase in kaolinite of 2%. 
Major framework constituents include quartz (31% nonundulatory, 54% 
undulatory, and 15% polycrystalline, Table 4) and chert. Orthoclase, 
metamorphic rock fragments (schist, phyllite, gneiss, and 
metaquartzite), plagioclase, and sedimentary rock fragments (siltstone) 
are present in lesser amounts with a trace of microcline. 
Cement, Matrix, and Porosity 
Point-counted Thin Sections. Cements present in thin section 1-8 
primarily are syntaxial quartz overgrowths and hematite with minor 
amounts of kaolinite and (?)dolomite. Syntaxial feldspar overgrowths 
are present in trace amounts. All of the porosity is secondary, and is 
present in the form of partial dissolution and fractures. 
Textural Data 
Point-counted Thin Sections. The mean grain size of thin section 
1-8 is very coarse sand (-0.7 phi, 1.62 mm). The grain-size 
distribution is strongly fine skewed and poorly sorted (Table 5). 
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Grains primarily are subrounded (64%) and rounded (29%) with minor 
amounts of subangular to angular (4%) and well rounded (3%). Grains are 
45% equant, 41% subequant, and 14% bladed. 
Classification of Sandstones 
Point-counted Thin .Sections. Mineralogically, thin section 1-8 
plots within the field of chertarenite (Fig. 6). Texturally it is an 
orthoconglomerate. Because this sample shows only minor amounts of 
diagenetic alteration, the change in mineralogy shown in Figure 6 is 
minimal. 
Mudrock Mineralogy 
Because lithofacies le consists of conglomerate and conglomeratic 
sandstone, mudrocks were not collected for qualitative x-ray analysis. 
Lithofacies 2a 
Grain Mineralogy 
Point-counted Thin Sections. After diagenetic alteration of 
detrital grains, thin sections 5-16 and 5-41 (Table 1) average 64% 
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grains (range: 59 to 69%), 27% cement (range: 23 to 31%), 8.5% porosity 
(range: 8 to 9%), and 0.5% matrix (range: 0 to 1%). The present 
composition represents a 6.5% decrease in grains and an increase in 
kaolinite and porosity of 4.5 and 2%, respectively. 
Framework grains present in thin sections 5-16 and 5-41 primarily 
are quartz (29.5% nonundulatory, 51% undulatory, and 19.5% 
polycrystalline; Table 4), with lesser amounts of metamorphic rock 
fragments (schist and phyllite), orthoclase, and chert. Thin section 
5-41 contains trace amounts of microcline, plagioclase, sedimentary rock 
fragments (silt-shale), and 1% each of muscovite and magnetite. 
Visually Estimated Thin Sections. Present compositions of 14 
estimated thin sections (Table 2) average 69% grains (range: 45 to 79%), 
23% cement (range: 16 to 30%), 8% porosity (range: 1 to 25%), and a 
trace or no matrix. 
Framework grains are mostly quartz, which averages 75% of grains 
(range: 58 to 94%). Metamorphic rock fragments (schist, phyllite, and 
minor gneiss) average 5% of grains (range: 1 to 11%). Thirteen thin 
sections contain chert which averages 7.5% of grains (range: 0 to 22%). 
Orthoclase is present in 10 thin sections, and averages 10% of grains 
(range: 0 to 30%). Five thin sections contain microcline and 
plagioclase, four of which were collected at the Ellery Creek section. 
Microcline averages 1.0% of grains (range: Oto 8%) and plagioclase 
averages 0.5% of grains (range: Oto 3%). Two thin sections contain 
sedimentary rock fragments (siltstone) which average 0.5% of grains 
(range: Oto 6%). Accessory grains present include muscovite in 10 of 
14 thin sections and heavy minerals in 12 of 14 thin sections. 
Muscovite ranges up to 1% of grains, whereas heavy minerals (magnetite, 
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ilmenite, and minor tourmaline and zircon) range up to 4% of grains. 
Cement, Matrix, and Porosity 
Point-counted Thin Sections. Cements present in thin sections 5-16 
and 5-41 are syntaxial quartz overgrowths, authigenic clay minerals 
(kaolinite and minor amounts of illite), and hematite (Table 1). Thin 
section 5-16 contains a trace of syntaxial feldspar overgrowths. Illite 
is present as "dust rims" within thin section 5-16, and kaolinite is 
primarily replacement of feldspars and schistose metamorphic rock 
fragments. 
Hematite matrix is present in thin section 5-41, and comprises 1% 
of the whole rock. 
About 98% of the total poros i ty is secondary. The remainder is 
indeterminant original or secondary porosity. Types of secondary 
porosity include partial dissolution, molds of grains, inhomogeneity of 
packing, and fractures. 
Visually Estimated Thin Sections. All estimated thin sections 
(Table 2) contain syntaxial quartz overgrowths which average 14% of the 
whole rock (range: 2 to 22%), and iron-oxide cement (hematite with minor 
amounts of leucoxene) which averages 6% of the whole rock (range: 1 to 
. 
15%). Authigenic clay minerals (kaolinite and minor amounts of illite) 
are present in eight thin sections, and average 2% of the whole rock 
(range: Oto 5%). Chert cement is present in thin sections 6-11 
(a trace of the whole rock) and 4-31 (3% of the whole rock). In the 
latter thin section, the chert cement fills probable molds of shale 
lithoclasts. Four thin sections contain a trace to 7% syntaxial 
feldspar overgrowths. A trace of dolomite(?) cement is present in two 
thin sections. 
Thin sections 5-34 and 5-39 contain traces of hematite matrix. 
Total porosity is secondary in 13 of 14 thin sections. Thin 
section 4-16 contains 20% porosity which is indeterminant original or 
secondary. 
Textural Data 
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Point-counted Thin Sections. Mean grain sizes of thin sections 
5-16 and 5-41 are medium sand (1.5 phi, 0.37 mm) and fine sand (2.1 phi, 
0.23 mm), respectively (Table 5). The grain-size distribution of thin 
section 5-16 is near symmetrical, whereas thin section 5-41 is fine 
skewed. Both samples are moderately sorted. 
Grains primarily are subrounded (55%) and rounded (28%) with lesser 
amounts subangular to angular (10.5%) and well rounded (6.5%). Thin 
section 5-41 contains more subangular to angular grains, whereas thin 
section 5-16 contains more well rounded grains. The higher proportion 
of angular grains in the former thin section may be a function of its 
finer mean grain size (Odom et al., 1976). 
Grains average 47.5% subequant, 38.5% equant, 13.5% bladed, and 
0.5% platy. 
Visually Estimated Thin Sections. Of 14 estimated thin sections, 
four are well sorted, one is moderately well sorted, five are moderately 
sorted, and four are poorly sorted (Table 2). Median grain sizes range 
from fine sand (0.13 mm) to coarse sand (0.60) mm). The average median 
grain size is medium sand (0.33 mm). 
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Classification of Sandstones 
Point-counted Thin Sections. Changes in mineralogical 
classification due to diagenetic alteration of detrital grains are shown 
in Figure 6. Thin section 5-16 lies within the subarkose field before 
and after diagenetic alteration. Thin section 5-41 shifts from the 
feldspathic litharenite field to the subphyllarenite field. 
Visually Estimated Thin Sections. Estimated thin sections plot in 
the fields of arkose, subarkose, sublitharenite, litharenite, and 
feldspathic litharenite. 
Three of four samples collected at the Ell ery Creek section are 
arkoses (1-14: 066 F30 R4; 1-19: 068 F25 R7; 
1-28: 058 F39 R3). The fourth sample is a subarkose (1-16 : 
079 F11 R10). Four samples collected at the Glen Helen East 
and West sections are sublitharenites (3-34: 094 F0 R6; 
3-35: 086 Fa R14; 4-16: 093 Fa R7; 4-31 : 
093 F0 R7). Three of four samples collected at the Stokes 
Pass East section are feldspathic chertarenites (5-31: 062 F17 
R21 ; 5-34: 066 F9 R25; 5-39: 072 F9 R18). 
The fourth sample is a sublitharenite (5-23: 087 F3 R10). 
Of the two samples collected at the Haast Bluff section, one is a 
chertarenite (6-11: 062 F9 R29), whereas the other is a 
sublitharnite (6-12: 075 F11 R14). 
As percent of grains, rock fragments including chert average 4% at 
the Ellery Creek section, 10% and 7% at the Glen Helen East and West 
sections respectively, 18.5% at the Stokes Pass East section, and 22% at 
the Haast Bluff section. Metamorphic rock fragments dominate in samples 
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from the Ellery Creek and Stokes Pass East sections, whereas chert 
grains dominate at the Haast Bluff and Glen Helen East and West sections 
(discussed further in provenance). 
Mudrock Mineralogy 
Because of the paucity of exposures of mudrocks in lithofacies 2a, 
none were collected for qualitative x-ray analysis. 
Lithofacies 2b 
Grain Mineralogy 
Point-counted Thin Sections. After diagenetic alteration of 
detrital grains, constituents of thin sections 5-30 and 5-35 (Table 1) 
average 62.5% grains (range: 55 to 70%), 27% cement (range: 22 to 32%), 
and 10.5% porosity (range: 8 to 13%). On the average, percent of grains 
decreased 9.5%, whereas percent of kaolinite and porosity increased 4 .5 
and 5%, respectively. 
Framework grains include quartz (49.5% undulatory, 31% 
nonundulatory, and 19.5% polycrystalline; Table 4), orthoclase, 
schistose metamorphic rock fragments, and chert. Thin section 5-35 
contains 1% of sedimentary rock fragments (shale). Trace amounts of 
accessory grains include muscovite, magnetite, ilmenite, and tourmaline. 
Visually Estimated Thin Sections. Present compositions of eight 
visually estiated thin sections (Table 2) average 59% grains, 28% cement 
and matrix, and 13% porosity. 
Framework grains are mostly quartz, which averages 81% of grains 
(range: 64 to 94%). Orthoclase is present in seven thin sections and 
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averages 8% of grains (range: 0 to 16%). Six thin sections contain 
schistose and phyllitic metamorphic rock fragments, which average 3.5% 
of grains (range: o to 12%). Chert grains are present in 5 thin 
sections and average 2.5% of grains (range: Oto 15%). Metamorphic rock 
fragments are present in greater amounts than chert grains in all thin 
sections except 5-38 and 5-21. Thin section 5-38 is a conglomeratic 
sandstone that probably is equivalent to lithofaces 2c. Plagioclase and 
microcline are present in three thin sections, and range from Oto 5% 
and Oto 2% of grains, respectively. 
Accessory grains include muscovite, magnetite, ilmenite, 
tourmaline, and zircon. Muscovite ranges from a trace to 4% of grains, 
and the heavy minerals are present in trace amounts. 
Cement, Matrix, and Porosity 
Point-counted Thin Sections. Cements present in thin sections 5-30 
and 5- 35 are iron oxides (hematite and minor leucoxene), syntaxial 
quartz overgrowths, and authigenic clay minerals (Table 1). Kaolinite 
is present primarily as replacement of feldspar. Thin section 5-35 
contains trace amounts of (?)Fe-chlorite "dust rims." 
A trace of hematite matrix is present in thin section 5-30. 
All porosity is secondary and includes molds of grains, partial 
dissolution, and inhomogeneity of packing. 
Visually Estimated Thin Sections. Cements present in all thin 
sections (Table 2) include syntaxial quartz overgrowths, which average 
11% of the whole rock (range: 2 to 20%), and authigenic clay minerals 
which average 8% of the whole rock (range: trace to 17%). Authigenic 
clay minerals are mostly kaolinite with minor amounts of illite. Thin 
section 1-27 contains minor amounts of montmorillonite as determined 
from x-ray analysis. Hematite and minor amounts of leucoxene are 
present in seven thin sections, and average 5% of the whole rock 
(range: 0 to 12%). Carbonate cement is present in trace amounts in two 
thin sections and as 16% of the whole rock in thin section 1-26. 
X-ray-diffraction traces indicate dolomite but no calcite in the latter 
thin section. Three thin sections contain syntaxial feldspar 
overgrowths, which average 1% and range from Oto 6% of the whole rock. 
Hematite matrix is present in two thin sections, and ranges from O 
to 6% of the whole rock. 
Total porosity is secondary except in thin section 1-24, where 6% 
of total porosity is indeterminant original or secondary porosity. 
Textural Data 
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Point-counted Thin Sections. Mean grain sizes of thin sections 
5-30 and 5-35 are fine sand (2.3 phi, 0. 20 mm) and medium sand (1.8 phi, 
0.29 mm), respectively (Table 5) . The grain-size distribution of thin 
section 5-30 is near symmetrical, whereas that of thin section 5-35 is 
fine skewed. Both samples are moderately sorted. 
Grains in both thin sections are mostly subrounded (74%) with 
lesser amounts of rounded (19%), subangular to angular (6%), and well 
rounded (1%). Grains average 44.5% equant, 40% subequant, 15% bladed, 
and 0.5% platy. 
Visually Estimated Thin Section. Median grain sizes range from 
very fine sand (0.11 mm) to medium sand (0.45 mm; Table 2). The average 
median grain size is fine sand (0.20 mm). Five of eight thin sections 
are moderately sorted. The remainder are poorly sorted (5-38), 
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moderately well sorted (1-24), and well sorted (5-21). 
Classification of Sandstones 
Point-counted Thin Sections. Changes in mineralogical 
classification due to diagenetic alteration of detrital grains are shown 
in Figure 7. Thin section 5-30 shifts from the lithic arkose field to 
the subphyllarenite field. The mineralogical composition of thin 
section 5-35 lies within the subchertarenite field before and after 
diagenetic alteration of detrital grains. 
Visually Estimated Thin Sections. Mineralogic compositions of 
visually estimated thin sections plot in the fields of subarkose, 
sublitharenite, and feldspathic litharenite. Three samples are 
subarkoses (1-26: 075 F23 R2; 1-27: 076 F19 R5; 
5-21: 091 F9 R0). Three samples are subphyllarenites (5-24: 
094 F2 R4; 5-26: Oss F4 Rs; 5-27: 094 Fo R6). 
Sample 1-24 is a feldspathic phyllarenite 
(074 F10 R16), whereas sample 5-38 is a feldspathic chertarenite 
(065 FlO R25). 
Mudrock Mineralogy 
Three mudrock samples analyzed by x-ray diffraction contain quartz, 
orthoclase, illite, and kaolinite (Table 6). 
Lithofacies 3a 
Grain Mineralogy 
Point-counted Thin Sections. After diagenetic alteration of 
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detrital grains, thin section 5-59 contains 54% grains, 36% cement, 10% 
porosity, and a trace to no matrix (Table 1). The present composition 
reflects a loss of 13% grains and an increase of 5% kaolinite, 1% 
hematite and 7% porosity. Thin section 5-62 shows little mesogenetic 
alteration due to the formation of secondary porosity or replacement of 
feldspar or of metamorphic rock fragments by kaolinite. It contains 53% 
grains, 12% matrix, 35% cement, and a trace of porosity. 
Framework grains of both thin sections include quartz (53.5% 
nonundulatory, 38% undulatory, and 8.5% polycrystalline), orthoclase, 
plagioclase, schistose and phyllitic metamorphic rock fragments, 
sedimentary rock fragments (silt-shale and siltstone) and traces of 
microcline. Accessory grains in both thin sections include muscovite, 
biotite, magnetite, and ilmenite. Thin section 5-59 contains traces of 
tourmaline and 1% glauconite which is mostly altered to kaolinite. 
' Visually Estimated Thin Sections. Of 11 samples estimated, eight 
are sandstones, two are mudrocks, and one is a quartzose dolostone 
(Table 2). Two of the eight sandstone samples (5-47 and 5-48) will be 
described separately because of their unusual compositions. Present 
compositions of the other six sandstone samples average 61.5% grains, 
26% cement and matrix, and 12.5% porosity. 
Framework grains in the six sandstone samples are mostly quartz, 
which averages 80% of grains (range: 59 to 98%). Schistose and 
phyllitic metamorphic rock fragments average 5% of grains 
(range: 1 to 14%). Feldspar is present in three thin sections and 
averages 7% orthoclase (range Oto 21%), 2% microcline (range: Oto 9%) 
and 0.7% plagioclase (range: Oto 3%). Two thin sections of the six 
sandstone samples contain sedimentary rock fragments (siltstone), which 
average 0.3% of grains. Chert grains are present in two thin sections, 
and range from Oto 5% of grains. 
Accessory grains present include muscovite, magnetite, ilmenite, 
tourmaline, and zircon. Magnetite and ilmenite are the dominant heavy 
minerals, and are present in minor amounts (trace to 2%) except in thin 
section 6-34, where they comprise 8% of the grains. 
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Thin sections 5-47 and 5-48 differ from other arenites in the 
Arumbera due to their high proportions of sedimentary rock fragments and 
matrix. They contain an average of 52.5% grains, 25% matrix, 21% 
cement, and 1.5% porosity. 
Sedimentary rock fragments are the dominant type of framework 
grain, and average 67% of grains (range: 58 to 76). An average of 81% 
of the sedimentary-rock fragments are unidentified fossil allochems 
which have been replaced by hematite and minor amounts of limonite. 
They probably were originally calcareous. Their architecture is 
exceedingly complex, and resembles many types of scleracotinian corals 
or stromotoporids. However, they are much too small (J. L. Wray, 1984, 
oral comm.). J. K. Rigby (1984, written comm.) believed that they 
resemble echinoderm fragments or spongiomorph algae. J.T. Sprinkle 
(1984, oral comm. with R.Q. Oaks) believed that they are not echinoderm 
fragments. Very minor amounts of the allochems are other kinds of shell 
fragments (?brachiopod) and possible carapaces of arthropods 
(?trilobite) which have been highly altered by the formation of 
secondary porosity or of authigenic quartz crystals within the shell 
fragments. 
The remainder of sedimentary rock fragments are grains of carbonate 
(some of which contain internal, concentric, wavy-parallel bands which 
resemble algae), and of calcareous and ferruginous siltstone. 
Other framework grains present in thin sections 5-47 and 5-48 
include quartz, which averages 31% of grains {range: 24 to 38%), and 
trace amounts of chert. Thin section 5-48 contains schistose 
metamorphic rock fragments {2% of grains), magnetite {2% of grains) and 
trace amounts of muscovite and zircon. 
Cement, Matrix, and Porosity 
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Point-counted Thin Sections. Cements present in thin sections 5-59 
and 5-62 include syntaxial quartz overgrowths, hematite and minor 
amounts of leucoxene, authigenic clay minerals, and syntaxial feldspar 
over growths (Table 1). Kaolinite present in thin section 5-59 pr imari ly 
is replacement of orthoclase, schistose metamorphic rock fragments, 
muscovite, and glauconite. (?)Fe-chlorite is present in trace amounts as 
radial - fibrous ''dust rims. " Trace amounts of kaolinite are present in 
thin section 5-62 as replacement of orthoclase . Thin section 5-62 
contains 12% gibbsite cement (identified with scanning electron 
microscope) which fills fractures and replaces minor amounts of adjacent 
rock constituents. 
Matrix in thin section 5-62 primarily is hematite with minor 
amounts of kaolinite and medium silt-sized quartz. 
Total porosity ranges from a trace to 10% of the whole rock, of 
which 100% is secondary except in thin section 5-59, where 3% of total 
porosity is indeterminant original or secondary porosity. Types of 
secondary porosity include molds of grains, partial dissolution, 
inhomogeneity of packing, and minor amounts of fractures. 
Visually Estimated Thin Sections. Cements present in all eight 
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thin sections include syntaxial quartz overgrowths which average 11% of 
the whole rock (range: trace to 30%), and authigenic clay minerals 
(kaolinite and minor amounts of illite and (?)Fe-chlorite) which average 
6% of the whole rock (range: trace to 18%; Table 2). Seven thin 
sections contain hematite and minor amounts of limonite and leucoxene, 
which average 4% of the whole rock (range: 0 to 10%). Two thin sections 
contain 1% syntaxial feldspar overgrowths. A trace of chert cement is 
present in thin section 5-48, and 1% is present in thin section 6-26. 
Both thin section 5-47 and 5-48 contain 10% calcite cement. 
Matrix is present in three thin sections, and consists of hematite 
with minor amounts of muscovite. Thin section 5-47 contains 10% 
unidentified clay matrix. 
Total porosity ranges from 1 to 24% and averages 10% of the whole 
rock. All porosity is secondary. 
Textural Data 
Point-counted Thin Sections. Based on grains larger than 5 phi, 
mean grain sizes of thin sections 5-59 and 5-62 are fine sand (2.7 phi, 
0.16 mm) and very fine sand (3.3 phi, 0.10 mm), respectively (Table 5). 
Grain-size distributions are near symmetrical, and both samples are 
poorly sorted. Thin section 5-62 contains 12% matrix, probably the mean 
grain size is smaller, the sorting is poorer, and the distribution is 
fine skewed. 
Grains in both thin sections are mostly subrounded (67.5%) with 
lesser amounts of rounded (23%), subangular to angular (8%) and well 
rounded (1.5%). Thin section 5-62 contains a higher proportion of 
subangular to angular grains, probably a function of its finer grain 
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size (Odom et al., 1976). 
Grains average 43% subequant, 32% equant, 24% bladed, and 1% platy. 
The high proportion of bladed grain shapes is due to the large 
proportion of feldspar grains. 
Visually Estimated Thin Sections. Median grain sizes range from 
very fine sand (0.11mm) to coarse sand (0.58 mm; Table 2). The average 
median grain size js medium sand (0.34 mm). Three thin sections are 
moderately sorted, three are poorly sorted, and two are well sorted. 
Classification of Sandstones 
Point-counted Thin Sections. Changes in mineralogic classification 
due to diagenetic alteration are shown in Figure 7. Thin section 5-59 
lies in the arkose field before and after diagenetic alteration of 
grains. Thin section 5-62 shows no change due to little alteration of 
framework grains, and plots in the arkose field. 
Visually Estimated Thin Sections. Present mineralogic compositions 
of estimated thin sections (excluding 5-47 and 5-48) plot in the fields 
of arkose, subarkose, sublitharenite, and quartz arenite. Two samples 
are subarkoses (1-33: 080 F19 R1; 6-19: 079 F12 R9). 
Sample 5-67 is an arkose (Q61 F33 R6), and sample 6-21 is a 
quartz arenite (Q99 Fo R1). Sample 6-26 is a 
subchertarenite (Q93 Fo R7), and sample 6-34 is a 
subphyllarenite (Q84 Fo R16). 
If both the iron-oxide matrix and fossil allochems in samples 5-47 
and 5-48 were originally carbonate, both samples were limestones prior 
to diagenetic alteration. Under the classification of Pettijohn (1975, 
p. 345), samples 5-47 and 5-48 plot in the field of biocalcarenite 
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(matrix ignored); if matrix is not ignored they are calcwackes. The 
term "quartzose" properly modifies the rock name. Under Dunham's (1962) 
classification, they are fossiliferous lime packstones. 
Mudrock Mineralogy 
Ten mudrocks from lithofacies 3a analyzed by x-ray diffraction 
contain primarily quartz, kaolinite and illite (Table 6). Orthoclase is 
present mostly in minor amounts in six samples. Four samples contain 
chlorite, two contain montmorillonite, and one contains gypsum. 
Lithofacies 3b 
Grain Mineralogy 
Point-counted Thin Sections. After diagenetic alteration of 
detrital grains, thin section 5-56 and 5-69 average 65.5% grains 
(range: 62 to 69%), 26.5% cement, (range: 22 to 31%), 8% porosity 
(range: 7 to 8%), and no matrix (Table 1). The present average 
composition reflects a loss of 12% grains, and an increase of 6.5% 
kaolinite, 0.5% hematite, and 5% porosity. 
Framework grains include quartz (45.5% undulatory, 34% 
nonundulatory, and 20.5% polycrystalline), schistose and phyllitic 
metamorphic rock fragments, orthoclase, chert, and plagioclase. Thin 
section 5-69 contains a trace of microcline. Accessory grains include 
muscovite, magnetite, and minor amounts of tourmaline. 
Visually Estimated Thin Sections. Present compositions of three 
estimated thin sections average 67% grains (range: 63 to 71%), 24% 
cement (range: 13 to 31%), and 9% porosity (range: 2 to 24%; Table 2). 
49 
Framework grains are mostly quartz, which averages 85% of grains 
(range: 73 to 98%). Orthoclase ranges from a trace to 10% of grains, 
and chert ranges from a trace to 2% of grains. Two thin sections 
contain sedimentary rock fragments (siltstone), which range from Oto 
15% of grains. Microcline and plagioclase are present in two thin 
sections, mostly in trace amounts. Accessory grains are present in thin 
section 6-44, and consist of a trace of muscovite and 1% magnetite. 
Cement, Matrix, and Porosity 
Point-counted Thin Sections. Cements present in thin sections 5-56 
and 5-69 are syntaxial quartz overgrowths, hematite, and authigenic clay 
minerals (Table 1). Kaolinite is present primarily as replacement of 
orthoclase and schistose and phyllitic metamorphic rock fragments. Thin 
section 5-69 contains minor amounts of (?)Fe-chorite ''dust rims." The 
• 
chlorite crystals are oriented both parallel and perpendicular to grain 
surfaces . 
All porosity is secondary, and includes molds of grains, partial 
dissolution, and inhomogeneity of packing. 
Visually Estimated Thin Sections. Cements present in all estimated 
thin sections include syntaxial quartz overgrowths, which average 19% of 
the whole rock (range: 11 to 27%), and authigenic clay minerals (mostly 
kaolinite and minor amounts of illite), which average 3% of the whole 
rock (range: 2 to 4%; Table 2). A minor amount of kaolinite in thin 
section 1-36 results from the replacement of glauconite grains. 
Hematite cement is present in two thin sections, and ranges from Oto 4% 
of the whole rock. 
Matrix was not observed in the estimated thin sections. 
Total porosity is all secondary except in thin section 6-44, where 
1% is indeterminant original or secondary porosity. 
Textural Data 
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Point-counted Thin Sections. Mean grain sizes of thin sections 
5-56 and 5-64 are medium sand (2.0 to 1.2 phi; Table 5). The grain-size 
distribution of thin section 5-56 is fine skewed, whereas that of thin 
section 5-69 is near symmetrical. Sample 5-56 is moderately sorted, and 
sample 5-69 is moderately well sorted. 
Grains in thin section 5-56 are mostly subrounded (67%) with lesser 
amounts of rounded (24%) and subangular to angular (9%) whereas grains 
in thin section 5-69 are mostly rounded (51%) and subrounded (37%) with 
lesser amounts of well rounded (12%). The greater roundness of grains 
probably is a function of the finer grain size of thin section 5-56 
(Odom et al., 1976). 
Grain shapes average 44.5% subequant, 42.5% equant, 12.5% bladed, 
and 0.5% platy. 
Visually Estimated Thin Sections. Median grain sizes of three 
estimated thin sections are all medium sand (range: 0.30 to 0.48 mm; 
Table 2). Samples are poorly sorted (1-36), moderately sorted (6-44), 
and moderately well sorted (1-35). 
Classification of Sandstones 
Point-counted Thin Sections. Changes in mineralogical 
classification due to diagenetic alteration are shown in Figure 6. Thin 
section 5-56 shifts from the lithic arkose field to the subphyllarenite 
field. Thin section 5-69 shifts from the subarkose field to the 
subphyllarenite field. 
Visually Estimated Thin Section. Present mineralogic compositions 
of estimated thin sections plot in the fields of subarkose (1-35: 
083 F11 R6), quartzarenite (1-36: 098 F0 R2), 
and feldspathic litharenite (6-44: 074 F8 R18). 
Mudrock Mineralogy 
One mudrock sample collected from lithofacies 3b contains quartz, 
kaolinite, illite, and orthoclase (Table 6). 
Lithofacies 4a 
Grain Mineralogy 
Point-counted Thin Sections. After diagenetic alteration of 
detrital grains, thin sections 6-45 and 6-49 (Table 1) average 49% 
grains (range: 45 to 53%), 38% cement (range: 37 to 39%), 13% porosity 
(range: 10 to 16%) and no matrix. The present composition reflects a 
loss of 18.5% grains, and an increase of 8.5% kaolinite, 0.5% hematite 
and 9% porosity. 
Framework grains include quartz (44.5% undulatory, 37% 
nonundulatory, and 18.5% polycrystalline; Table 4), schistose and 
phyllitic metamorphic rock fragments, orthoclase, sedimentary rock 
fragments (siltstone), and chert. A trace of plagioclase in present in 
thin section 6-45. 
Accessory grains include muscovite, magnetite, and ilmenite. A 
trace of biotite is present in thin section 6-49. 
51 
52 
Cement, Matrix, and Porosity 
Point-counted Thin Sections. Cements present in thin sections 6-45 
and 6-49 are syntaxial quartz overgrowths, hematite and minor amounts of 
leucoxene, and authigenic clay minerals (Table 1). Kaolinite is present 
primarily as replacement of orthoclase and schistose and phyllitic 
metamorphic rock fragments. Trace amounts of illite "dust rims" are 
present in thin section 6-45. 
All porosity is secondary, and includes molds of grains, partial 
dissolution, and inhomogeneity of packing. 
Textural Data 
Point-counted Thin Sections. Mean grain sizes of thin sections 
6-45 and 6-49 are fine sand (range : 2.4 to 2.3 phi; Table 5). The 
grain-size distributions are near symmetrical (6-45) and fine skewed 
(6-49). Both samples are moderately sorted. 
Grains in both thin sections are mostly subrounded (62%), with 
lesser amounts of rounded (22%), subangular to angular (14.5%) and well 
rounded (1.5%). Grains average 43.5% subequant, 33.5% equant, 22% 
bladed, and 1% platy. 
Classification of Sandstones 
Point-counted Thin Sections. Changes in mineralogic classification 
due to diagenetic alteration are shown in Figure 6. Thin section 6-45 
shifts from the arkose field to the subphyllarenite field, whereas thin 
section 6-49 shifts from the subarkose field to the subphyllarenite 
field. 
Mudrock Mineralogy 
One mudrock sample analyzed by x-ray diffraction contains quartz, 
Kaolinite, illite, and orthoclase (Table 6). 
Weight-Percent and Cumulative-Frequency 
Probability Curves 
Data from point-counted thin sections were converted to sieve-size 
data (Friedman, 1958), from which weight-percent and 
cumulative-frequency probability (CFP) curves were constructed 
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(Appendix C). Characteristics of these curves were related to 
grain-behavior characteristics outlined by Visher (1969). These 
interpretations must be viewed with caution due to the possibilit i es of 
(1) preferential losses from finer grain sizes during diagenesis (Renton 
et al., 1969), (2) vertical sampling of different laminae, (3) errors 
due to small sample sizes (200 grains per slide) and (4) only grains 
larger than 5 phi were used to construct the CFP curves (see Table 5); 
samples with significant volumes of matrix (thin section 5-62) are more 
finely skewed than the results suggest. 
James and Oaks (1977) provided a concise summary of general curve 
characteristics. A major concave-up slope break in the CFP curve is 
commonly present near 0.25 mm (+-2.0 phi, fine to medium sand), and 
probably reflects the transition from transport by traction to transport 
by intermittent suspension. This size roughly corresponds to the 
midpoint of the transition between Rubey's Impact Law and Stokes' Law of 
particle settling (Rubey, 1933; Visher, 1969, p. 1080). 
A second major slope break, convex-up, separates transportation by 
intermittent suspension from transportation by true suspension in an 
aqueous environment. This occurs approximately at +3.5 phi, near the 
sand-silt boundary, approximately the lower limit of the transition 
between Rubey's Impact Law and Stokes' Law. 
Positions of the two major slope breaks are slightly variable 
because they both depend on current velocities, flow separation, flow 
regime, velocity gradients, grain shapes and densities, and fluid 
densities. Saltation probably is minor in aqueous environments due to 
slowing of fall velocities and cushioning of grain impacts by water 
(Blatt et al., 1980, p. 172-173), and so probably was not significant 
during deposition of the Arumbera. 
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The 13 CFP curves for point - counted thin sections can be divided 
into four major curve types. Type 1 curves (thin sections 5-6, 5-13, 
5-41, 5-59, 5-69, 6-45) are nearly unimodal. Thin sections 5-13, 5-41, 
5-59, and 5-69 have very small, finer-grained, secondary modes, while 
thin sections 5-6 and 5-69 have small, coarser-grained, secondary modes. 
Steepness of the linear (log-normal) curve segment suggests transport 
primarily by intermittent suspension. Thin section 6-45 appears to 
exhibit a small suspension population. 
Thin sections 5-41 and 6-45 are from rocks.of probable fluvial 
origin, whereas the other four thin sections are from rocks of probable 
shallow-marine origin. 
Type 2 curves (thin sections 5-30, 5-35, 5-56, 6-49) are nearly 
unimodal with small, coarser-grained secondary modes about 1.25 phi 
interval away. They show very small, finer grained secondary modes at 
variable positions from the principal mode. Steepness of the main 
linear curve segment suggests transportation primarily by intermittent 
suspension. All four samples appear to have traction populations that 
begin near +1.0 to +1.5 phi, and constitute about 4, 3, 4 and 2% by 
weight. 
Thin sections 5-30 and 5-35 are from rocks of probable marine 
origin, whereas thin sections 5-56 and 6-49 are from rocks of 
shallow-marine origin. 
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Type 3 curves (thin sections 5-16, 5-62) are nearly unimodal with 
one (5-62) to two (5-16) small, coarser-grained secondary modes. 
Steepness of the principal linear curve segment suggests transport 
primarily by intermittent suspension. Thin section 5-16 appears to have 
a traction population, about 20% by weight. Thin section 5-62 contains 
12% matrix by volume which was excluded from data used to construct the 
CFP curve. 
Thin section 5-62 is from rocks of probable shallow-marine origin, 
whereas thin section 5-16 is from rocks of probable fluvial origin. 
A fourth curve type (thin section 1-8) is distinctly trimodal with 
log-normal segments of two traction populations separated by a less 
steep (more poorly sorted) transition zone near -2.24 phi. A broad 
transition between -1.25 and +l.75 phi zone separates the traction 
populations from the intermittent-suspension population. Thin section 
1-8 appears to have a traction population about 77% by weight and a 
true-suspension population, about 1% by weight. 
The CFP curves demonstrate that transportation was primarily by 
intermittent suspension, with only minor transportation by traction 
(except thin section 1-8) and by true suspension. These conditions are 
consistent with an interpretation of subaqueous deposition of parallel 
laminae, sand waves, and dunes as strong to weak currents in the lower 
flow regime fluctuated. 
Diagenesis 
The paragenetic sequences observed in point-counted thin sections 
are shown in Table 7. 
Mechanical Compaction 
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A minor amount of mechanical compaction is shown in most thin 
sections by several grain-to-grain contacts at which "dust rims" of iron 
oxides and authigenic clay minerals are absent (Plate 2) and by the 
presence of deformed mudrock fragments (Plate 3) . 
"Dust Rims" 
The first phase of cementation is represented by thin rims (3 to 8 
microns) of hematite and minor amounts of illite and (?)Fe-chlorite on 
surfaces of detrital grains. Hematite was recognized by its red color 
in reflected light. Illite and chlorite display birefringence; the 
latter is green in plane light. 
The probable source for iron is oxidation of iron-bearing detrital 
minerals such as biotite, hornblende, and magnetite (Walker, 1967). 
Magnetite observed in thin section commonly is partially oxidized to 
hematite, and minor amounts of biotite persist in some thin sections 
(Tables 1 and 2). Because the "dust rims" precipitated during early 
burial, based on the paucity of compaction features prior to the 
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formation of "dust rims," temperatures probably were not sufficient to 
drive decomposition reactions of feldspar and smectite to form illite or 
chlorite (Franks and Forester, 1984). Instead, illite and 
(?)Fe-chlorite probably were derived from amorphous aluminosilicates and 
hydroxides eliminated from shale lithoclasts in the sandstone (Land and 
Dutton, 1978). Evidence for this was noted in thin section 5-35, where 
birefringent clay "dust rims'' (?Fe-chlorite) are present only in an area 
of the thin section where a deformed mudrock fragment is present. 
Hematite Cement 
A major phase of hematite cementation followed the formation of 
"dust rims" in four thin sect i ons. The hematite forms rims similar to 
"dust rims" that encircle detrital grains; however, they differ because 
they are thicker (up to 14 microns), and where present, commonly 
preclude nucleation of syntaxial quartz overgrowths on detrital quartz 
grains. Hematite cement postdates the formation of "dust rims," and 
does not contain admixed authigenic clay minerals. The source for the 
hematite cement probably is the same as that for the hematite "dust 
rims." 
Feldspar Overgrowths 
Syntaxial feldspar overgrowths are present in very minor amounts in 
the thin sections studied, and they clearly predate the formation of 
quartz cement due to their euhedral to subhedral forms which are 
encrusted by anhedral quartz cement (Plate 4). They postdate the 
formation of "dust rims." It is unclear, however, whether they formed 
synchronously or after the formation of hematite cement (Step 3, 
Table 7) because they are not present in samples which contain early 
hematite cement. 
The source for the authigenic feldspar may have been hypersaline 
pore fluids rich in potassium, alumina and silica as postulated for the 
St. Peter Sandstone by Odom et al. (1979). They believed that the ions 
may have been derived from the compaction of associated carbonate 
sediments. If the ions were present in hypersaline pore water derived 
from below the Arumbera, perhaps in the Julie Formation, the Arumbera 
most likely was in a mesogenetic environment by the time syntaxial 
feldspar overgrowths formed. 
Quartz Overgrowths 
Syntaxial quartz overgrowths are the dominant authigenic cement 
present, and probably occluded most original porosity. In one sample 
(5-35) the quartz cement is postdated by a second episode of hematite ' 
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cementation (Plate 5). The hematite may be equivalent to a phase of 
hematite cement which separates successive phases of quartz cement in 
the Arumbera Sandstone in the Gardiner Range, reported by Phillips (in 
prep.). The presence of this additional phase of hematite suggests that 
intrastratal solution of iron-bearing detrital minerals continued into 
the mesogenetic environment of moderate to deep burial. Plate 2 
illustrates that quartz overgrowths pre-date carbonate (?dolomite) 
cementation. 
The source for silica in the Arumbera, as in many formations, is 
problematic. In an isotopic study of the Frio Formation (Oligocene) in 
south Texas, Land (1984) suggested that the quartz cement in the Frio 
formed at temperatures of approximately 6o0 c, well below the 
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approximately 100°c he believed is required to start 
smectite-to-illite transformations. In the past, the smectite-to-illite 
transformation often has been cited as a likely source for silica (e.g. 
Land and Dutton, 1978; Boles and Franks, 1979). Milliken et al. (1981, 
cited in Land, 1984) reported that quartz overgrowths in the Frio are 
nearly lacking at depths shallower than 2400 m, and that precipitation 
of quartz from descending ground water was unlikely. Land (1984) 
postulated that a possible alternative consistent with the isotopic data 
is that precipitation of quartz occurred at intermediate temperatures 
(approximately 6o0 c) from a mix of meteoric and isotopically 
modified seawater utilizing amorphous aluminosilicates as a source. 
However, amorphous aluminosilicates have not been documented in the 
shales of the Frio. 
If the silica were derived from underlying shales in the Frio by 
smectite-to-illite reactions, large distances of transport of ions would 
be required, and the water available for transport probably would be 
inadequate (Bjorlykke, 1979; Land and Dutton, 1979; Land, 1984). 
Therefore, Land (1984) believed that if the smectite-to-illite reaction 
is the principal source of silica cement from underlying shales, a 
system of convective fluid flow must be established. Wood and Hewett 
(1984) discussed the theory of diagenesis and convective fluid flow. 
The major points of their paper pertinent to Land's argument are that: 
(1) a sign1ficant fraction of inorganic diagenesis observed in sandstone 
reservoirs can be attributed to the presence of slowly circulating 
aqueous fluids at a rate of about one m per year in the presence of a 
normal geothermal gradient (2s 0 c per km); and (2) as fluids move 
across isotherms, minerals such as quartz, which have prograde 
solubilities (soluble at higher temperatures), move from hot source 
zones to cooler sinks, and minerals with retrograde solubilities (e.g. 
calcite) move from cool sources to hot sinks. If such convection 
systems exist, they may provide the necessary transport mechanism and 
water to emplace significant amounts of silica cement due to 
smectite-to-illite transformations within thick and extensive sandstone 
bodies such as the Arumbera. 
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Recent work by W.C. James (1985, oral comm. to R.Q. Oaks) indicates 
that silica may be derived from finer grained beds of quartz-rich 
sandstone units by pressure solution, to produce large volumes of silica 
cement in the coarser grained adjacent beds. However, evidence is 
lacking for pressure solution in the Arumbera thin sections studied, 
even in samples of very fine sand size. 
Carbonate Cement 
Carbonate cement is rarely preserved in the thin sections studied. 
Its pervasive prior existence is established by relict rhombic-shaped 
pores, commonly filled with partially dissolved kaolinite that are 
present within quartz cement (Plate 2) and within feldspar grains 
(Plate 6). The euhedral form of the carbonate rhombs and their textural 
relationships with silicate minerals indicate that the carbonate was 
replacement. However, thin sections 1-12 and 1-26 contain primarily 
pore-fill carbonate cement (dolomite) with minor amounts of replacement 
of silicate minerals. 
If a geothermal gradient of 2s0 c per km can be assumed for the 
Amadeus Basin during Paleozoic loading and subsidence, the 
smectite-to-illite transformation that takes place between 60 and 
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120°c (Franks and Forester, 1984) should . have occurred at burial 
depths between approximately 2500 and 5000 m. A maximum burial depth of 
approximately 6500 m was calculated by Huckaba and McNaughton (1978) for 
the Arumbera south of Goyder Pass at the Tyler No. 1 well. Burial 
depths near Haast Bluff were greater due to the thicker accumulation of 
post-Arumbera sediments. Therefore, formation temperatures may have 
exceeded 160°C at the time of maximum burial in the western part of 
the study area. 
Based on isotopic data, Land (1984) postulated that CO2 was 
released from shales within the Frio Formation due to thermal maturation 
of organic materials at temperatures between 80 and 100°c . The 
CO2 then mobilized Caco3 which moved upsection slowly under the 
i nfluence of convective fluid flow. Other workers (Hower et al., 1976, 
cited in Siebert et al., 1984) have shown that calcite i s mobilized from 
within shales in zones where smectite-to-illite reactions occur. These 
zones correspond to the oil-generation ''window" at the onset of 
significant CO2 production. 
Based on the above considerations, carbonate cements probably were 
emplaced before maximum burial of the Arumbera in the Western MacDonnell 
Ranges. If a system of convective fluid flow was operative, the source 
of the carbonate may have been from subjacent shales in the Pertatataka, 
overlying shales in the Hugh River, or shales within the Arumbera. 
Kaolinite Cement 
Kaolinite is present mostly as replacement. Plates 2 and 3 show 
examples of detrital framework grains and cement that have been altered 
to kaolinite and subsequently leached by pore fluids to produce 
secondary porosity. Plate 3 shows kaolinite adjacent to an oversized 
pore. The kaolinite did not precipitate in the pore, which suggests 
that the oversized pore formed after the kaolinite. 
Based on isotopic data, Franks and Forester (1984) concluded that 
kaolinite in the Wilcox Formation (Eocene) of central Texas formed at 
temperatures between 100 and 140°c under the influence of 
diagenetically evolved sea water at a pH between 4.6 and 6.7. Under 
these conditions of pH, K-feldspar, albite, and muscovite are unstable 
relative to kaolinite (see Franks and Forester, 1984, Table 3). They 
also postulated that carbonate dissolution occurred immediately before 
or during formation of kaolinite . 
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As the Arumbera was buried more deeply, the concentration of 
carbonic and organic acids moving through the pore spaces probably 
increased due to continued maturation of organic material in subjacent 
shales. Under such conditions of reduced pH, kaolinite probably was 
stable relative to feldspars and other detrital grains such as muscovite 
and glauconite. The lowered pH probably dissolved most of the carbonate 
minerals just prior to or at the time of kaolinite precipitation. 
Secondary Porosity 
Plates 2, 3, 5, and 6 show various types of secondary porosity 
present in the thin sections studied. Siebert et al. (1984) defined 
framework-grain dissolution (FGD) as the process by which feldspars and 
rock fragments are dissolved and the components are removed in solution 
from sandstone. Framework-grain alteration (FGA) is a situation in 
which the components of dissolution precipitate as authigenic minerals 
in the pore system of a sandstone. The former process enhances 
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secondary porosity, whereas the latter occludes it. They reported FGD 
to average 4.4% of total rock volume in 71 samples from seven formations 
(hydrocarbon reservoirs of the Tertiary Gulf Coast and the Cretaceous 
Rocky Mountains). 
On the average, point-counted thin sections of the present study 
lost 10% grains and gained 4.5% porosity and 5.5% authigenic minerals 
(kaolinite). This increase in porosity is mostly due to FGD. A minor 
portion is the result of decarbonatization • . The volume percent increase 
in kaolinite (5.5%) probably represents FGA. Total porosity in 
point-counted thin sections averages approximately 8.5%. Of this, 
approximately 4% is due to decementation and fractures, 4.5% is due to 
FGD, and perhaps very minor amounts are preserved relict original 
porosity. 
Siebert et al. (1984) attributed FGD to environments of moderate to 
deep burial as maturation of organic material in subjacent shales 
provides CO2 (for acid) and organic molecules which act as 
complexing agents to transport aluminum from the site of dissolution. 
Because the samples of this study contain large volumes of FGD 
porosity similar to those of samples studied by Siebert et al. (1984), 
it is likely that large volumes of organic material were present in 
subjacent shales of the Pertatataka Formation and that large volumes of 
hydrocarbons passed through the Arumbera. 
Chert, Gibbsite, 
and Hemat1te Cement 
Folded rocks in the Amadeus Basin have been exposed to erosional 
conditions (telogenetic) probably since the end of deposition of the 
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Pertnjara Group, near the end of the Alice Springs orogeny (Late 
Devonian; Wells et al., 1970). Erosion has dominated since the 
Devonian, and most detritus of Paleozoic and Mesozoic age was 
transported out of the basin, except in the southernmost part. Thin 
Eocene and Miocene fluvial and lacustrine sediments are separated 
depositionally from even younger Tertiary sediments by silcrete (Wells 
et al., 1970). Erosional remnants capped by silcrete are common in the 
western part of the study area. Pore-filling chert cement commonly is 
present in the Arumbera near the tops of strike ridges. Five samples 
(1-5,5-6, 5-49, 6-11, 6-26) contain trace amounts of opaline cement, 
which probably is telogenetic because opal apparently is absent in rocks 
older than the Permian (Folk, 1974). 
Sample 5-62 was collected from a hand-dug pit approximately 60 cm 
deep. The sample was overlain by a soil profile. Gibbsite cement is 
crosscut by hematite. These are the last cementation phases in this 
sample. The pit is adjacent to and topographically above an ephemeral 
stream. The cements probably were derived from the overlying soil 
horizon, in which lateritization occurred. 
Provenance 
Composition of Source Rocks 
Basu et al. 1975 proposed a classification of quartz types of 
medium-sand size for differentiating among first-cycle plutonic, middle-
and upper-rank metamorphic, and low-rank metamorphic source rocks 
(Figures 8 and 9). Basu et al. (1975) derived the fields shown in 
Figures 8 and 9 from modal compositions of modern sands and ancient 
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sandstones of known parentages. 
Data on quartz types (Table 4) derived from point counts lie in the 
field of low-rank metamorphic with the exception of samples 5-59 and 
5-62, which lie in the field of middle- and upper-rank metamorphic. 
Because undulatory quartz dominates in amount over nonundulatory quartz 
in 11 of 13 samples, a low-rank metamorphic source terrane may be 
inferred as the major source of quartz in the samples of the present 
study. However, the presence of common quartz muscovite schist and 
muscovite phyllite is more consistent with a middle-rank metamorphic 
source terrane. Very rare gneissic fragments and grains of garnet 
suggest that a high-rank metamorphic terrane contributed some detritus 
to Arumbera sediments . 
Blatt and Christie (1963) postulated, and James and Oaks (1977) 
confirmed, that tectonic strain can produce undulant extinction in 
silica-cemented quartz arenites. The latter workers demonstrated that 
matrix may absorb tectonic and lithostatic stresses and retard the 
postdepositional production of undulatory quartz. High amounts of 
undulatory quartz relative to nonundulatory quartz in 11 of 13 samples 
possibly are due to postdepositional straining associated with the Alice 
Springs orogeny, and thus may not be reliable for the determination of 
provenance. Two samples from lithofacies 3a in which nonundulatory 
quartz grains dominate are from a stratigraphic interval composed of 
significant volumes of mudrock. Mudrock in lithofacies 3a may have 
absorbed tectonic and lithostatic stresses and reduced the formation of 
undulatory quartz. 
Other possible sources for undulatory quartz in the samples of the 
present study are sedimentary rocks with second-cycle or multicyclic 
undulatory quartz grains or a high-grade metamorphic terrane of schist 
and gneiss with an initially high percentage of undulatory quartz. 
High-grade metamorphic terranes can acquire high amounts of undulatory 
quartz if the terranes are intensely deformed without recrystalization 
of minerals. 
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The inferred source area for the Arumbera Sandstone is the 
southwest margin of the Amadeus Basin in the Petermann Ranges (Wells et 
al., 1970). A map of regional metamorphism of central Australia (Forman 
and Shaw, 1973, Plate 1) delineates metamorphic facies in the Petermann 
Ranges and Olia Chain. The Petermann Ranges Nappe is composed of 
low- grade metamorphic rocks of the greenschist facies. Immediately 
southwest of the Petermann Ranges Nappe, the Oli a Chain is characteri zed 
by rocks of the medium-grade amphibolite facies. The source of 
undulatory quartz in point-counted thin sections, if not the result of 
tectonic strain, probably is from the greenschist facies of the 
Petermann Ranges. 
From a series of experiments to determine transport distances 
required to abrade quartz grains, Kuenen (1959) reported that subangular 
quartz grains less than 2 mm in diameter lost only 0.1% in weight in 
1000 km of simulated stream transport as bedload. He concluded that 
several million km of transport would be required to reduce a quartz 
cube 0.4 mm in diameter to a sphere. Blatt et al. (1980) reported that 
sand-sized quartz particles may inherit some roundness from the parent 
igneous or metamorphic rock. Significant amounts of solution-rounding 
of quartz grains may occur in lateritic weathering profiles with 
solutions rich in organic molecules (Crook, 1968). However, lateritic 
weathering profiles probably were not present in the Late Proterozoic or 
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Early Cambrian source area (see below discussion of paleoclimate). 
Feldspars are slightly softer than quartz, possess three directions 
of cleavage, and are more susceptible to chemical alteration than 
quartz. During transport, feldspar grains should round more rapidly and 
decrease in size and in quantity relative to quartz in sizes that travel 
in traction, i.e., coarser than fine sand (Folk, 1974, p. 83). 
Comparisons of relative grain sizes and shapes of feldspar and quartz 
grains are shown in Table 9. Both quartz and feldspar grains are mostly 
subrounded to rounded. No major differences in grain size between 
quartz and feldspar grains are evident. Cumulative-frequency-
probability curves (Appendix C) indicate transport mostly by 
intermittent suspension. Therefore, only minor amounts of abrasion of 
quartz and feldspar grains during transport can be inferred. It is 
likely that quartz and feldspar grains inherited considerable amounts of 
' 
roundness from parent metamorphic rocks in the source area. 
First-cycle, medium-grained Holocene sands of metamorphic origin 
studied by Basu et al. (1975) contain larger amounts of polycrystalline 
quartz (36% of total quartz) than sands of plutonic origin (13% of total 
quartz). Polycrystalline quartz averages 16% of the total quartz 
population in the 13 point-counted samples of Arumbera. Medium-grained 
samples (5-16, 5-35, 5-56, and 5-64) average 21% polycrystalline quartz. 
The decrease in percent of polycrystalline quartz relative to modern 
sands derived from metamorphic terranes may reflect (1) the inherent 
weakness of polycrystalline quartz grains during transport (Blatt, 
1967); (2) the finer grain sizes of eight of the samples relative to the 
Holocene sands studied by Basu et al. (1975); or (3) a polycyclic origin 
of the polycrystalline quartz grains. 
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An average value of 16% polycrystalline quartz is intermediate 
between those values for first-cycle polycrystalline quartz derived from 
plutonic and metamorphic source terranes. This intermediate value may 
suggest that both plutonic and metamorphic source rocks contributed 
detritus to sediments of the point-counted samples. 
Granules and pebbles in lithofacies 2c consist of chert, minor 
amounts of quartzite, and trace amounts of vein quartz. 
Chert clasts commonly contain relict ghosts of ooids. They 
probably were derived from oolitic cherts in the Bitter Springs 
Formation because in most areas the Julie Formation underlies the 
Arumbera and, where the Julie is absent due to erosion, it is 
overstepped by the basal unit of the Arumbera. Sand-sized chert grains 
are present in 37 thin sections, and some contain small, relict 
inclusions of carbonate. Chert granules present in thin section 1- 8 
(Plate 7) contain relict ooids and cubic-shaped crystals (?halite) that 
have been replaced by iron. These relict structures are strong evidence 
of carbonate sedimentary rocks in the source area. 
Quartzite pebbles were recognized by their internal interlocking 
grain boundaries and some preserved laminae. They range in color from 
very pale orange (lOYR 8/2) to moderate orange pink (SYR 8/4), which 
closely resembled colors of the Heavitree Quartzite as reported by Wells 
et al. (1970). A sedimentary or metasedimentary terrane is indicated by 
the quartzite clasts. 
Milky or smoky colored vein quartz is very rare. Its presence may 
indicate plutonic rocks in the source area. However, clasts of vein 
quartz are rounded, and thus probably were derived from a sedimentary 
source rock. 
The ultrastable heavy minerals (tourmaline and zircon) in thin 
sections of Arumbera are well rounded to rounded, and probably were 
derived from a recycled sedimentary source. 
Tectonic Setting 
of the Source Area 
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Dickinson and Suczek (1979) compared sand~tone compositions to 
plate-tectonic settings by means of ternary diagrams, on which quartz, 
feldspar, and lithic components were plotted. They stated that the key 
relations between the source area and the basin of deposition are 
governed by plate tectonics, which ultimately control the distributio n 
of different types of sandstones. Provenances and resultant sandstone 
types are classified in terms of th ree general groups : (1) continental 
block , for which sediment sources are shields and platforms or faulted 
basement blocks; (2) magmatic arc, for which the sources are within 
"active" arc orogens of island arcs or active continental margins; and 
(3) recycled orogen, for which sources are deformed and uplifted stratal 
sequences in subduction zones, along collision orogens, or within 
foreland fold-thrust belts. 
Data derived from point counts (Table 8) were plotted on ternary 
diagrams (Dickinson and Suczek, 1979), and show compositions prior to 
and after diagenetic alteration (Figs. 10 through 17). The explanation 
which accompanies Table 10 indicates components of the modal 
compositions that are assigned to poles of the ternary diagrams. QFL 
(Figs. 10 and 11) and QmFLt (Figs. 12 and 13) diagrams suggest 
that point-counted samples were derived from recycled-orogen and 
continental-block provenances. 
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The probable source area of Arumbera sediments was near the 
southwestern margin of the Amadeus Basin in the Petermann Ranges where 
Proterozoic sedimentary rocks and older basement rocks were uplifted 
(Wells et al., 1970). Uplift occurred during the Late Proterozoic 
Petermann Ranges orogeny. Forman and Shaw (1973) concluded that it was 
an intracratonic orogeny characterized by the formation of nappes with 
extensive northward displacement of both sedimentary and basement rocks. 
Such structural features are similar to those of the foreland 
fold-thrust belts of Dickinson and Suczek (1979). These belts form 
highlands that flank either arc or collision orogens, and shed sediment 
into adjacent foreland basins. Feldspathic sandstone suites can form 
when basement blocks are uplifted within the foreland. 
Data points on QFL and QmFLt diagrams (Figs. 10, 11, 12 and 
13) which lie in the feldspathic part of the continental-block 
provenance field (Samples 5-62, 5-59, and 6-45) may be due to exposure 
of basement rocks during folding and thrusting of the Petermann Ranges 
orogeny. Those data points which lie in the quartzose part of the 
continental-block provenance field may be the result of: (1) a 
quartzose (mature) sedimentary source, or (2) breakdown of labile rock 
fragments during transport. Data points which lie along the field 
boundary which separates the continental-block provenance field from the 
reycled-orogen provenance field near the Q pole (Figs. 10 and 11) 
probably represent multicyclic sands of cratonic origin, which were 
recycled from platform (miogeoclinal) successions (Dickinson and Suczek, 
1979, p. 2178). 
Qplvls diagrams (Figs. 14 and 15) indicate that 
volcanic rocks were absent from the source area. Very high K/P ratios 
indicated by QmPK diagrams (Figs. 16 and 17) are consistent with the 
interpretation that sediments were recycled from platform successions. 
Data points which plot near the Qm pole of the QmPK diagrams 
reflect the general maturity or stability of detritus derived from 
continental-block provenance or foreland fold-thrust belts of a 
recycled-orogen provenance (Dickinson and Suczek, 1979). 
Location of Source Rocks 
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Paleocurrent rose diagrams of fluvial lithofacies (Figs. 19, 22, 
and 23) suggest that sediments were derived primarily from the 
southwest. In samples collected from lithofacies 2a, the percentage of 
rock fragments decreases eastward from 21% at the Haast Bluff section to 
16% at the Stokes Pass East section, 7% at the Glen Helen West section, 
10% at the Glen Helen East section, and 6% at the Ellery Creek section 
(Tables 1 and 2). Chert is the dominant rock fragment in lithofacies 2a 
at the Haast Bluff and Glen Helen East and West sections, whereas 
metamorphic rock fragments dominate over chert in samples from the 
Stokes Pass East and Ellery Creek sections. Because paleocurrents are 
primarily to the northeast, the general eastward decrease in the percent 
of rock fragments probably does not suggest an eastward paleoslope along 
which rock fragments were reduced in number by mechanical abrasion or 
chemical weathering. Instead, multiple source areas and/or 
distributaries probably introduced detritus from the southwest and the 
south to form sediments with labile rock fragments (schist) in greater 
amounts than resistant rock fragments (chert) at the Stokes Pass East 
and Ellery Creek sections. However, the overall eastward decrease in 
the number of rock fragments may suggest that southwestern sources were 
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dominant over sources from the south. Maximum pebbles sizes measured in 
lithofacies 2a (Table 11) support the interpretation of a southern 
source area because the largest diameters measured are at the Haast 
Bluff (28 mm) and Ellery Creek (27 mm) sections. 
Plate 1 clearly shows the paucity of lithofacies 2c in the western 
MacDonnell Ranges, whereas thick sequences are present in the 
northeastern part of the basin. The area of the Newland Ranges Ridge 
(Fig. 24) may have been the source area for sediments of lithofacies 2c, 
although there is no independent evidence that this Ridge was uplifted 
during the Petermann Ranges orogeny. Nevertheless, it is likely that 
the source area for Arumbera sediments in the western MacDonnell Ranges 
probably was located along the present southern margin of the Amadeus 
Basin (cf. Forman and Shaw, 1973). 
Paleoclimate 
Feldspar grains that were not diagenetically dissolved or altered 
to kaolinite show little evidence of alteration prior to deposition. 
Minor amounts of orthoclase grains contain vacuoles which impart a 
cloudy, brownish appearance to the grains. Vacuoles are the product of 
weathering, hydrothermal alteration, or crystallization of feldspar in 
hydrous magmas such as granites or pegmatites (Folk, 1974). No evidence 
of sericitization of feldspar grains was noted. If significant 
alteration of feldspar grains occurred before deposition, most of the 
altered grains were destroyed during diagenesis. 
Because feldspar grains show little evidence of weathering and 
because grains of quartz and feldspar are similar in size and roundness 
(Table 9)~ an arid climate in the source area and during transport is 
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suggested by Folk's (1974) time-intensity chart. 
The persistence of middle- and high-rank metamorphic rock fragments 
suggests that little chemical weathering occurred at the source area or 
during transport due to periodic storage in stream deposits. However, 
rates of chemical weathering may have been somewhat less severe than at 
present under more humid conditions during the Late Proterozoic prior to 
the earliest widespread vascular land plants in the Silurian (Cawley et 
al •• 1969). 
Eogenetic "dust rims" of hematite on detrital grains suggest hot 
temperatures. at least at the site of deposition (Walker, 1967). 
Subsurface cores of Arumbera are pigmented by hematite (Conrad, 1981), 
whi ch i ndicates oxidation took place prior to telogenesis. Conrad 
(1981) reported the presence of halite casts in lithofacies 4b and 
relict molds of gypsum in lithofacies la. Evidence of evaporites 
suggests that evaporation exceeded precipitation at least part of the 
t i me during deposition. 
The persistence of biotite and magnetite also suggests that the 
climate of both the source rocks and depositional sites of the Arumbera 
were arid. Hematite is the stable mineral of iron in moderately and 
strongly oxidizing environments (Krauskopf, 1979, p. 297). Magnetite 
may be oxidized to hematite in an aqueous environment as follows: 
- + 2Fe3o4 + H2o = 3Fe2o3 + 2e + 2H • 
Periodic storage of magnetite in water-saturated aggradational steams 
would favor alteration to hematite. High relief in source area and 
streams at grade, or degradational, would favor transport of feldspars, 
biotite, and magnetite to the site of deposition before weathering in a 
humid environment could occur. Boulders in the Mt. Currie Conglomerate 
indicate both proximity and high relief of the source area. However, 
Plate 1 shows pronounced northward thickening in the uppermost unit of 
lithofacies 2a in the Gardiner Range toward the western MacDonnell 
Ranges, which suggests that streams were aggradational at least during 
deposition of lithofacies 2a. 
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INFERRED EPOSITIONAL ENVIRONMENTS 
Description of Rock Types 
The Arumbera Sandstone is composed of eight lithofacies in the 
western MacDonnell Ranges. General characteristics of each lithofacies 
are summarized in Table 11. Based on similar petrologic characteristics 
these lithofacies are combined into two major types or categories. 
Lithofacies le. 2a, 2c, 3b, and 4a comprise rock types of category I, 
whereas lithofacies la, 2b, and 3a comprise rock types of category II. 
Category I 
The predominant lithologies of rock types in category I are very 
fine- to medium-grained sandstones (lithofacies 2a, 3b, 4a) and minor 
amounts of granular to pebbly conglomeratic sandstone and 
orthoconglomerate (lithofacies le, 2a, 2c). Mudrocks are only minor in 
amount, and are present as lenses and interbeds within sandstones in 
category I. 
Major inorganic sedimentary structures present are pi and nu cross 
stratification. Allen (1963) reported pi cross stratification to result 
from migration of trains of large-scale asymmetrical dunes with 
pronounced, curved crests. Harms et al. (1975) referred to pi cross 
stratification as trough cross stratification formed by migration of 
dunes under high flow velocities and with high rates of sediment 
transport. Abundant pi cross stratification has been described from 
bedforms in fluvial (Harms and Fahnestock, 1965; Cant and Walker, 1978) 
and in marine intertidal environments (Klein, 1970). 
Nu cross stratification probably results from migration of trains 
of small-scale ripples with linguiod geometries (Allen, 1963) under 
moderate flow velocities of the lower flow regime (Reineck and Singh, 
1975, p. 11). 
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Inorganic sedimentary structures present in minor amounts include 
planar-parallel laminae, omikron, lambda, and kappa cross 
stratification. The term planar-parallel laminae is equivalent to 
horizontal stratification of Harms et al. (1975) and to plane beds of 
Reineck and Singh (1975, p. 10). All examples of planar-parallel 
laminae recorded in the Arumbera are composed of particles with 
diameters less than 0.7 mm, and commonly show parting lineations on 
exposed horizontal surfaces of laminae. This sedimentary structure is 
similar to the upper flat bed of Harms et al. (1975), which forms under 
conditions of very high flow velocities (65 to 110 cm/sec), and may 
indicate rapid rates of deposition under changing flow conditions (Harms 
et al., 1975). 
0mikron cross stratification probably is formed by migration of 
trains of large-scale asymmetricl ripples with straight crests (Allen, 
1963). Harms et al. (1975) interpreted omikron cross stratification to 
be the result of deposition of migrating sand waves under flow 
conditions with velocities intermediate between those that form ripples 
and those that form dunes (pi cross stratification). 
Lambda and kappa cross stratification are more commonly known as 
ripple-drift (Allen, 1963), aggradational ripples (Harms et al., 1975), 
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or climbing ripples (Reineck and Singh, 1975, p. 95). Harms et al. 
(1975) attributed aggradational ripples to low flow strengths, rapid 
deposition, and abundant temporarily suspended silt or sand. Such 
ripples can be present in most depositional environments (Reineck and 
Singh, 1975, p. 97). 
Rare inorganic sedimentary structures include xi, alpha, beta, and 
gamma cross stratification, solitary curved-crested current ripples, 
oscillation ripples, load casts, ball-and-pillow structures, rain-drop 
imprints, and desiccation cracks. 
Xi cross stratification is considered diagnostic of beach 
environments (Allen, 1963; Harms et al., 1975). Alpha, beta, and gamma 
cross strata probably form from the migration of solitary dune 
structures with straight or curving crests (Allen, 1963). Harms et al. 
(1975) ascribed these structures to deposition by migration of sand 
waves at moderately high velocities, and are transitional between 
r i pples (moderate velocities) and dunes (high velocities). Allen (1963) 
reported that alpha, beta, and gamma cross-strata commonly are present 
in modern rivers, in estuaries, on beaches, and in the shallow water on 
the seaward side of beaches. 
Rare oscillation ripples noted in lithofacies 3b probably formed by 
wave action (Reineck and Singh, 1975). Load casts (small scale) and 
ball-and-pillow structures (large scale) are post-depositional 
sedimentary structures formed as a sand layer founders into an 
underlying mud layer (Blatt et al., 1980, p. 189). Raindrop imprints 
and desiccation cracks probably are indicative of subaerial exposure. 
Foresets of dunes (pi cross stratification) in lithofacies 2a often 
are furiously cross-stratified (Goyder Pass West, Stokes Pass, and Haast 
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Bluff sections), and parting lineations are common on foreset surfaces 
of dunes at the Stokes Pass section. Furious cross strata are 
attributed to very high flow velocities (Oaks, 1985, oral comm.). 
Parting lineations on surfaces of foresets of dunes may be similar to 
those formed in association with beds of planar-parallel laminae. These 
structures may indicate flow conditions that intermittently reached 
those characteristic of the upper flow regime. 
Bed thicknesses of rock types of category I range from very thin to 
very thick. The average bed thickness is medium (Campbell, 1967). 
Bedding surfaces are mostly wedging and scoured with minor amounts of 
parallel. 
Transportation of grains primarily by intermittent suspension and 
by minor traction and true suspension is suggested by 
cumulative-frequency - probability curves (See Petrography section and 
Appendix C). 
Trace fossils are absent in rocks of category I, except for rare 
Skolithos a few m from the top of Unit O (lithofacies 2a) at the Stokes 
Pass East Section, and rare Skolithos and branching horizontal burrows a 
few m from the top of Unit H (lithofacies 3b) at the Haast Bluff 
section. 
Hantzchel (1975) described Skolithos as simple vertical protection 
burrows that are known to range in age from Cambrian to Cretaceous(?). 
They may imply moderate to moderately high energy, probably 
shallow-water environments. Frey and Pemberton (1984) reported that 
Skolithos is commonly a constituent of the Glossifungites (firm 
substrates) and of the Skolithos (shifting substrates) marine 
ichnofacies, and may be present in the terrestrial Scoyenia ichnofacies. 
Paleocurrents primarily are unidirectional, except those of 
lithofacies 2a at the Goyder Pass West Section (Figs. 19, 22, 23). At 
that location, the paleocurrents are bimodal, and show paleoflow 
directions approximately to the east and to the west. Composite rose 
diagrams for rock types of category I show paleoflow directions toward 
the northeast quadrant. 
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Lower contacts of rock types of category I generally are sharp, and 
may be marked by shallow scours. Upper contacts generally are sharp and 
planar. 
Geometries of sandstone bodies of category I primarily are 
sheet-like (lithofacies 2a, 3b; see Fig. 4) with local areas of 
substantial thickening (e.g., the middle interval of lithofacies 2a at 
the Goyder Pass West Section). All lithofacies of category I, except 
lithofacies 4a, form lens- or channel-like geometries isolated in 
lithofacies of category II (e.g., lithofacies 3b at the Stokes Pass East 
Section, lithofacies 2c at the Stokes Pass Section, and lithofacies 2a 
and le at the Glen Helen East Section. 
Generally coarsening-upward intervals, which may contain internal 
fining-upward cycles, are present in lithofacies 2a at all sections 
except Goyder Pass. Coarsening-upward intervals are capped by 
conglomeratic sandstone, and are overlain by lithofacies 2b or 3a of 
category II. 
Glauconite is present in trace amounts in lithofacies 3b and le 
(Glen Helen East Section), and molds of shale lithoclasts are abundant 
in all lithofacies of category I, especially at bases of sandstone beds. 
Glauconite grains are very well rounded, and are larger than other 
detrital monomineralic grains. Shale lithoclasts are common in alluvial 
and intertidal environments (Conybeare and Crook, 1968). 
Category II 
Lithologies of category II generally are subequal proportions of 
mudrock (silt-shale, mud-shale, siltstone, and mudstone) and of very 
fine- to fine-grained sandstone. Minor dolostone is present. The 
dolostone in lithofacies la is commonly oolitic (Ellery Creek and Haast 
Bluff sections), and is characterized by mu, pi, and lambda cross 
stratification. 
Major inorganic sedimentary structures present in sandstones of 
category II are mu, pi, omikron, and alpha cross stratification and 
planar-parallel laminae. 
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Inorganic sedimentary structures present in minor amounts in 
~andstones include xi, lambda, kappa, beta, and gamma cross 
stratifications, current ripples with some laminae composed of mud-sized 
particles, oscillation ripples, wavy-parallel laminae, and isolated 
current ripples with straight crests on sand substrates. Current 
ripples with laminae of mud-sized particles probably are indicative of 
sediment transport and deposition under fluctuating flow velocities, 
when both sand and mud were available in the environment of deposition 
(Reineck and Singh, 1975). Isolated current ripples originate when 
there is an insufficient supply of sand to cover the entire surface 
along which the ripples were deposited (Reineck and Singh, 1975). 
Rare inorganic sedimentary structures present only in sandstones of 
lithofacies 3a include herringbone cross laminae in current ripples 
(Stokes Pass East section), and flaser bedding and reactivation surfaces 
(Glen Helen West section), all of which are common in the marine 
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intertidal environment (Conybeare and Crook, 1968; Ginsburg, 1975). One 
example of truncated wave-ripple laminae was noted at the Haast Bluff 
section. Oaks (1979 field notes) recorded truncated wave-ripple laminae 
in lithofacies 2b at the Ellery Creek section, but the author was unable 
to locate this sedimentary structure at that section. These structures 
were described by Campbell (1966), and are believed to form in shallow, 
nearshore environments as the result of strong wave action along a sandy 
shoreline during a storm surge with mass transfer of water landward 
(Campbell, 1966; Harms et al., 1975). 
Common inorganic sedimentary structures present in mudrocks are 
wavy parallel and wavy discontinuous laminae, and nu and mu cross 
stratification which commonly contain laminae of sand. 
Bed thicknesses of sandstones vary from very thin to very thick. 
The average bed thickness is medium (see Table 11). Bedding surfaces 
are mostly parallel with subordinate amounts of wedging and scoured. 
Cumulative-frequency-probability curves suggest transportation of 
grains primarily by intermittent suspension with minor amounts 
transported by traction and by true suspension (see Petrography section 
and Appendix C). 
Sedimentary structures indicative of subaerial exposure are rare, 
but include desiccation cracks, flat-topped oscillation ripples, 
raindrop imprints, and Runzelmarken. Runzelmarken, or wrinkle marks, 
have been described by Hantzschel and Reineck (1968, as cited in Reineck 
and Singh, 1975) and by Allen (1985). Reineck (1969, as cited in 
Reineck and Singh, 1975) experimentally produced wrinkle marks in 
partially cohesive sediment overlain by a thin film of water as a strong 
wind was applied tangential to the surface. He believed them to be an 
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indicator of intermittent emergence. Allen (1985) described them from 
localities in the intertidal zone of the Severn Estuary and inner 
Bristol Channel (Great Britain). He considered them to be the result of 
aseismic soft-sediment deformation as layers of sand or silt founder 
into underlying layers of mud or clay. 
Biogenic sedimentary structures present but uncommon in lithofacies 
3a are Skolithos, Diplichnities, simple and branching horizontal 
burrows, Monomorphichnus, and Phycodes pedum. Simple horizontal 
burrows are present but very rare in lithofacies la (Goyder Pass West 
section) and in lithofacies 2b (Stokes Pass East section). 
Diplichnities and Monomorphichnus are locomotion traces made by 
arthropods. The former trace fossil indicates forward movement without 
horizontal sliding due to a current cross-wise to the line of 
locomotion, whereas the latter trace fossil shows significant sideways 
progression due to cross-wise currents (Hantzschel, 1975). 
Diplichnities is known to range in age from Early Cambrian to Permian, 
and Monomorphichnus has been described from Late Cambrian rocks in North 
Wales (HKntzschel, 1975). Phycodes pedum is a simple, annulated 
horizontal feeding burrow which is known to range in age from Early 
Cambrian to Miocene(?) (H~ntzschel, 1975). 
The assemblage of trace fossils present in lithofacies 3a suggest a 
shallow-marine environment of moderate- to high-energy conditions that 
possibly range from the Skolithos ichnofacies (Skolithos) to possibly 
the Cruziana ichnofacies (Phycodes pedum) as illustrated in Figure 5 of 
Frey and Pemberton (1984, p. 192). 
Paleocurrent rose diagrams are unimodal, and indicate paleoflow 
directions primarily to the northeast for lithofacies la and 2b 
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(Figs. 18 and 20). The composite rose diagram for lithofacies 3a is 
crudely bimodal, but is random at the 95% confidence level by means of 
the chi-squared test (Fig. 21; Table 10). Only one mean vector was 
plotted, which shows a paleoflow direction of 7° azimuth. 
Lithofacies of category II show areas of complex intertonguing with 
those of category I (Fig. 4). 
Glauconite is present locally in minor amounts, is very well 
rounded, and grains are larger than those of other detrital 
monomineralic grains. Molds of shale lithoclasts are present at bases 
of many sandstone beds. 
Interpretation of Rock Types 
Lithofacies le, 2a, 2c, 3b, and 4a (Category I) are intrepreted as 
fluvial sandstones deposi tied by braided-stream systems. Walker and 
Cant (1985) described sandy braided streams as having: (a) rapid 
fluctuations in discharge, (b) steeper gradients than meandering rivers, 
(c) a heavy load of coarse sediments, and (d) easily erodible banks. A 
facies model for braided streams has been proposed by Walker and Cant 
(1985) based on morphological elements of the South Saskatchewan River 
(Cant and Walker, 1978) in conjunction with data derived from the 
Devonian Battery Point Formation (Cant and Walker, 1976). Important 
morphological elements of the South Saskatchewan River are braid bars 
and channels. At flood stage, bedforms present in deeper channels 
(>3 m), are sinuous-crested dunes (pi cross-stratification), whereas 
bedforms in shallow channels and on bar tops are straight-crested to 
rhomboid sand waves which produce isolated or grouped planar tabular 
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cross-stratification (alpha or omikron cross-strata). When flow of the 
river starts to fall, complex sets of smaller scale planar and trough 
cross-strata and rippled sands accumulate on tops of bars and in shallow 
channels. Vertical-accretion deposits may overlie the entire sequence, 
but are rarely preserved due to subsequent channel migration. 
In the Devonian Battery Point Formation, Cant and Walker (1976) 
found similar stratification sequences which represent both deep and 
shallow channels, tops of bars, and vertical-accretion deposits. 
Campbell (1976) described stratification sequences in the West 
Water Canyon Member of the Cretaceous Morrison Formation of west-central 
New Mexico, which he interpreted to be the result of aggrading and 
coalescing braided-stream systems. In vertical section, the West Water 
Canyon Member usually is 90% sandstone , and is dominated by pi 
cross-stratif i cation. The thickness of beds of pi cross - stratification 
decrease upward. In a complete fluvial sequence, beds of pi 
cr oss-stratification are overlain by planar-parallel laminae or 
low-angle cross-strata with a dip of less than 10° to bedding. 
Above planar-parallel laminae are curve-crested current ripples. In 
most vertical sections the complete fluvial sequence is uncommon due to 
scouring by successively younger channels. In cross-section, transverse 
to paleocurrent direction, widths of the sheet-like sand bodies of the 
West Water Canyon Member can be 100 km or more and 30 to 90 m thick. A 
few channel systems of the West Water Canyon Member are within the 
Brushy Basin Member of the Morrison isolated from the main sheet-like 
body. Campbell (1976) interpreted these isolated channel systems as 
down-current offshoots from the main channel system. They range from 61 
m to 5 km wide and 1 to 30 m thick. These isolated channel systems may 
be very similar to lenses of lithofacies 2c (within lithofacies 2b) and 
2a and le (within lithofacies la) in the western MacDonnell Ranges. 
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Sand-body geometry, lithology, stratification types, and 
paleocurrent attributes of lithofacies le, 2a, 2c, 3b, and 4a are very 
similar to those described by Campbell (1976). The suite of sedimentary 
structures within these lithofacies is dominated by pi cross 
stratification, and probably implies that significant erosion of shallow 
channels, tops of bars, and vertical-accretion deposits occurred during 
overall deposition. The paucity of tabular cross stratification, which 
is primarily due to cross-channel migration of braid bars, may imply 
that discharges were of short duration. 
Frequent floods with high discharges and high sediment loads within 
braided-stream systems probably were dominant prior to the advent of 
vascular land plants at the end of the Silurian Period (Schumm, 1968). 
Furious cross-stratification and parting lineations on forset surfaces 
of curve-crested dunes ar e consisent with high flow velocities that may 
have accompanied very high discharges. 
Lithofacies la, 2b, and 3a (category II rock types) are interpreted 
as deposits formed in a complex shallow-marine environment based on the 
attributes listed above. All lithofacies in category II show a varied 
assemblage of stratification types, and parallel bedding surfaces 
predominate. Lithofacies 3a shows clear evidence of beaches (xi 
cross-stratification), and tidal flats (herringbone cross laminae, 
flaser bedding, reactivation surfaces, and desiccation cracks). The 
trace-fossil assemblage of lithofacies 3a suggests a shallow-marine 
environment, possibly including the Skolithos and the Cruziana 
ichnofacies. Lithofacies la and 2b contain xi cross stratification 
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which is characteristic of foreshores of beaches, and evidence of 
intermittent exposure such as desiccation cracks, raindrop imprints, and 
also flat-topped oscillation ripples in lithofacies 2b. Lithofacies 2b 
contains abundant oscillation ripples, which indicate wave action 
(Reineck and Singh, 1975). Herringbone cross laminae are common in 
lithofacies la and 2b in the northeast Amadeus Basin (Conrad, 1981). 
Tidal currents may have influenced these lithofacies in the western 
MacDonnell Ranges as well. Paleocurrents are unidirectional in 
lithofacies la and 2b and to the northeast, which may indicate a 
dominant ebb tide~ Lithofacies 3a contains paleocurrents which are 
approximately bimodal. 
Intertidal beach deposits within all three lithofacies are 1 to 2 m 
thick, which probably suggests a microtidal range (microtidal <2 m; 
mesotidal 2 to 4 m; and macrotidal > 4 m). Rare beds of oolitic 
dolostone in lithofacies la may also indicate a marine environment. 
The near absence of trace fossils in lithofacies 2b and la may be 
due to the fact that these environments were highly oxidized. The 
sandstones and mudrocks are almost exclusively red in color. Rock 
colors within lithofacies 3a are dominated by brown and yellow hues, but 
pale green and olive are common hues in some mudrocks. Yellowish brown 
sandstones of the Julie Formation at the Goyder Pass West section 
contain densely packed horizontal burrows. It is likely that these 
yellow and brown rocks, although oxidized to a significant extent, still 
contained sufficient nutrients to support some organisms at the time of 
deposition. 
The Arumbera Sandstone records a complex history of alternating 
fluvial and shallow-marine environments. This close association 
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suggests a deltaic environment (Elliot, 1978). The Arumbera has been 
interpreted as a deltaic sequence by Conrad (1981) and by Wells et al. 
(1970). 
Elliott (1978) defined deltas as discrete shoreline protuberances 
formed where rivers enter oceans, semi-enclosed seas, lakes, or 
barrier-sheltered lagoons, and supply sediment more rapidly than it can 
be redistributed by indigenous basinal processes. Wright and Coleman 
(1973) reported that the wide range of delta morphologies is dependent 
on the relative strengths of fluvial and basinal processes. Deltas that 
are bounded by the open ocean experience the full range of basinal 
processes (e . g., Niger delta), whereas deltas building into 
semi-enclosed seas (Danube, Mississippi, Po, and Rhone deltas) are 
likely to be fluvial dominated because the energy of waves and tides are 
minimal . Narrow elongate basins which are open to the ocean are 
significantly affected by tides as tidal currents are amplified (e.g. 
Ganges-Brahmaputra delta). 
In general if basinal processes are strong relative to those of the 
river, a straight short shore line can result. The opposite is true if 
fluvial processes dominate (Wright and Coleman, 1973). 
A ternary diagram has been introduced (Elliott, 1978; modified from 
Galloway, 1975) to classify deltas in the general fields of fluvial-, 
wave-, and tide-dominated deltas. However, the dominant regime of the 
delta front (shoreline and seaward-sloping profile which extends 
offshore) may be very different from the dominant regime of the delta 
plain (low-lying area developed behind the delta front). For example, 
the delta front of the Rhone River is wave dominated, whereas the delta 
plain is fluvial dominated (Elliott, 1978). 
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Delta plains dominated by braided streams tend to have lobate 
outlines, and stream-mouth bars may merge laterally into a sheet sand 
(Miall, 1984). Sediment is distributed throughout the delta plain by 
distributary switching (avulsion), a process analogous to that of 
crevassing on delta plains with stable meandering distributaries. 
Braided-stream deltas typically lack interdistributory bays and crevasse 
splays. A radiating pattern results which is similar to that of 
alluvial fans, and the term fan delta is used to describe them (Miall, 
1984). Modern fan deltas tend to occur in arctic or arid environments 
where the abundance of coarse bed load and variable river discharge 
favor unstable distributory networks. Fan deltas probably were the 
dominant type of fluvial - dominated delta in pre-Devonian time (Miall, 
1984). 
In general, the gross characteristics of the Arumbera suggest : 
(a) high input by braided streams of sediment dominantly of fine-sand 
size but locally as pebbles , (2) low to moderate wave energy, and 
(3) a microtidal range, as evidenced by the thickness of preserved sets 
of intertidal beach deposits. 
Permissive evidence supportive of a deltaic origin for the Arumbera 
includes: (1) There are pronounced depocenters shown by the entire 
thickness of Arumbera between Haast Bluff and Goyder Pass, and in the 
northeast Amadeus Basin near Phillipson Pound (Fig. 24). (2) The 
isopachous map of lithofacies 2a, 2b, and 2c shows similar patterns of 
sediment accumulation, especially west of Goyder Pass (Fig. 26). 
(3) Paleocurrents measured in fluvial sheet sands (Figs. 19, 22, 23) are 
unidirectional, and indicate flow directions primarily to the northeast. 
(4) Paleocurrents in lithofacies 2a at the Glen Helen West and Stokes 
Pass East sections are toward the Goyder Pass West section. The great 
thickness at the Goyder Pass West section of lithofacies 2a and its 
bimodal paleocurrents may be a distributary lobe. (5) Fluvial and 
coastal deposits are present in vertical, cyclic succession; lateral 
intertonguing of fluvial and coastal deposits was demonstrated at the 
Stokes Pass East, Stokes Pass, and Glen Helen East sections (Fig. 4) as 
well as at several sections in the Gardiner Range and near Deep Well 
homestead (Phillips, in prep.; Plate 1). (7) Trace fossils are absent 
or rare in category II deposits of the Arumbera in the north-central 
(landward?) part of the Amadeus Basin, and are more common in the 
northeast part (seaward?) of the basin (Conrad, 1981; Wells et al., 
1970). This may reflect more favorable environmental conditions (i.e., 
normal-marine salinities) in the northeast and unfavorable conditions 
(i.e., fresh or brackish water) in the north-central part of the basin. 
' (8) Coarsening-upward sequences preserved in lithofacies 2b (Table 11) 
at the Ellery Creek and Glen Helen East sections, which are capped by 
fluvial sheet sandstones, represent cyclic shallowing upward 
progradational sequences characteristic of a deltaic origin. 
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REGIONAL STRATIGRAPHIC RELATIONS OF THE ARUMBERA S NDSTONE 
Lower Contact 
Where the Julie Formation is absent, the contact between the 
Arumbera and the underlying Pertatataka formation is unconformable in 
the Gardiner Range (Phillips, in prep.). Slightly east of Phillips' 
Areyonga section, this unconformity cuts downsection from the 
Pertatataka through the Areyonga Formation to the Bitter Springs 
Formation (Cook, 1968). Near Deep Well Homestead, the Arumbera 
unconformably overlies the Pertatataka Formation (Conrad, 1981; 
Phillips, in prep.). In the Phillipson Pound area, the contact between 
the Julie and the overlying Arumbera is gradational through 10 to 15 m 
(Conrad, 1981). Oaks (1983) also mentioned tongues of Julie well above 
the base of the Arumbera in the Mosquito and Purple Range. The contact 
with the Julie or Pertatataka in the western MacDonnell Ranges is sharp 
and may be disconformable. There is no apparent discordance in dip such 
as Phillips found in the Gardiner Range. 
Upper Contact 
The contact between the Arumbera and the overlying Todd River 
Dolomite is gradational through 2 to 4 min the Phillipson Pound area 
(Conrad, 1981). From near Alice Springs west along the MacDonnell 
Ranges the Arumbera is disconformably overlain by the Chandler Formation 
between the Valley Dam section (Williams, 1967) and the Glen Helen East 
section (Plate 1). From the Glen Helen West section to the Stokes Pass 
section, the Hugh River Shale disconformably overlies the Arumbera. At 
the Haast Bluff section, Cleland Sandstone overlies the Arumbera, 
apparently along a disconformity. The sequence of younger units 
overlying the Arumbera westward probably represents an onlap from east 
to west. 
Phillips (in prep.) recognized an angular unconformity between the 
Arumbera and the overlying Chandler Formation near Deep Well Homestead, 
at the Tidenvale section, and at the Areyonga section. The contact 
between the Arumbera and the Chandler elsewhere in the Gardiner Range 
appears conformable, but probably represents a di sconformity. 
Lateral Variations in Thickness 
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Figure 24 shows the known extent and variations in thickness of the 
Arumbera Sandstone . Four major depocenters may have been active during 
deposition of the Arumbera. These are the Carmichael and Missionary 
Plain sub-basins, the Wyeecha area of Phillipson Pound, and the area 
southwest of Casey Bore uplift. 
Carmichael Sub-basin 
The Arumbera reaches a thickness of at least 1491 min the western 
MacDonnell Ranges. It is only 86 m thick at the Areyonga section and 
282 m thick at the Goyder Pass section. Just east of the Goyder Pass 
section, the Arumbera is breached by the Goyder Pass diapir, where the 
Arumbera is absent due to local post-depositional uplift and erosion. 
Southward from the Pine Point and West Gardiner Range sections, the 
Arumbera thins to 21 mat the East Johnny Creek No. 1 well. Well logs 
suggest that this thickness consists of unit 1. 
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Unit 1 thickens eastward from 128 mat the West Gardiner Range 
section to 241 mat the Katapata Gap section (Fig. 25). It then thins 
eastward to 59 mat the Areyonga section. In the western MacDonnell 
Ranges, unit 1 thins eastward fom 215 mat the Haast Bluff section to 
122 mat the Goyder Pass section. Hamp (1984) reported that Units 1 and 
2 may thin along a tectonic high extending from Areyonga to Goyder Pass, 
with the greatest amount of thinning in the north, where 
postdepositional erosion removed the entire thickness of Arumbera at 
Goyder Pass. However, Oaks (1984, written comm.) indicated that seismic 
data revealed no evidence to support the existence of a through-going 
tectonic feature along this trend. 
Unit 2 (Fig. 26) thickens northward along two N-S trends within the 
Carmichael sub-basin. The most pronounced thickening is immediately 
west of Goyder Pass where unit 2 becomes 563 m thick. From 221 mat the 
Missionary View section in the Gardiner Range and 369 mat the Stokes 
Pass section in the western MacDonnell Ranges, unit 2 thickens westward 
along a second N-S trend. Plate 1 shows that thinning of unit 2 toward 
the Areyonga section in the Gardiner Range is due to the combined 
effects of differential subsidence and post-depositional erosion. 
Missionary Plain Sub-basin 
In the western MacDonnell Ranges, the Arumbera reaches a thickness 
of 396 mat the Glen Helen East section Fig. 24. In the Gardiner Range, 
it thickens to 250 mat the Pattalindama and Namatjiras sections. 
Trends of isopachous lines suggest that the Arumbera may thicken 
slightly beneath the Missionary Plain. The Arumbera thins 
south-westward toward Areyonga and northwestward toward Goyder Pass. 
Eastward thinning is evident toward a slight N-S trend extending from 
the Finke No. 1 well in the James Range to the Ellery Creek section in 
the Western MacDonnell Ranges. 
Unit 1 thickens from 109 mat the Glen Helen West section to 200 m 
at the Ellery Creek section (Fig. 25). In the Gardiner Range, unit 1 
thins eastward and westward from 109 mat the Pattalindama Gap section 
to 86 mat the Namatjiras section and 59 mat the Areyonga section, 
respectively. 
Unit 2 thickens from 164 mat the Namatjiras section along a NE-SW 
trend to 232 mat the Glen Helen East section (Fig. 26). It thins 
northwestward to the Goyder Pass section and southwestward to the 
Areyonga section. Unit 2 thins eastward to a N-S trend extending from 
the Finke No. 1 well (0 m) to the Ellery Creek section (109 m). 
Wyeecha Area of Phillipson Pound 
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The Arumbera thickens to 1123 m near Wyeecha Bore. It thins to 
about 722 m northward toward the N'Dahla thrust sheet near Allua Bore. 
The Arumbera thins to the south to about 484 m near Wallaby Gap. In the 
west and southwest, it thins toward a NE-SW trend extending from Highway 
No. 1 through the Alice No. 1 well. 
Unit 1 attains a thickness of 301 mat the Salt Syncline section 
(Fig. 25). It thins along a N-S trend through the Todd River, Windmill, 
and Yam Creek anticlines (140 m). This N-S trend is approximately 
aligned with a similar area of thinning in the N'Dahla thrust sheet 
farther north. Unit 2 thins northward from 529 mat the Wyeecha Bore 
section to 242 mat the West Allua Bore section, southwestward to 183 m 
at the Phillipson No. 1 Bore section, and southward to about 214 m near 
Wallaby Gap. 
Southwest of Casey Bore Uplift 
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Oaks (1984, oral communication) tentatively interpreted red 
mudrocks below the Chandler salt in Bluebush No. 1 well as unit 1 of the 
Arumbera. These mudrocks overlie dolostones, sandstones and mudrocks he 
interpreted to be Julie, above typical red and green shales of the 
Pertatataka. From 102 mat Bluebush No. 1 well, the Arumbera thickens 
to more than 484 mat the Hi Jinx Bore section (Fig. 24). Thus, the 
Arumbera may be pres ent, but probably thin, within a narrow embayment 
between the Newland Ranges Ridge and the Central Ridge (Fig. 24). This 
narrow embayment may extend to the southwest as far as the Mt. Charlotte 
No. 1 well, and possibly beyond (Oaks, 1984, oral comm.). The Arumbera 
may also extend through the area just south of the southern edge of the 
Phillipson thrust sheet from the area near Hi Jinx Bore to the Allambi 
Hills. 
Unit 1 probably makes up the total thickn~ss (102 m) of the 
Arumbera at Bluebush No. 1 well (Oaks, 1984, oral comm.). It reaches a 
thickness of 287 mat the Centenary Dam section (Fig. 25). 
From a thickness of 287 mat the Hi Jinx Bore section, unit 2 thins 
westward toward the Allambi area. 
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Areas Where the Arumbera is Absent 
Construction of the boundary showing where the Arumbera is absent 
(Fig. 24) in the middle and extreme southern part of the Amadeus Basin 
was based on: (1) contacts between pre-Arumbera Proterozoic units and 
post-Arumbera Cambrian units shown on the 1:250,000 geologic maps of the 
Amadeus Basin published by the BMR; (2) field reconnaissance by Oaks; 
and (3) well-completion reports. 
The central area where the Arumbera is absent extends westward from 
Camel Fl at syncline at least to the vicinity of Ochre Hill anticline. 
The northern boundary is based on: (1) the absence of the Arumbera at 
Ochre Hill No. 1 East, Mereenie No. 4, and Highway No. 1 wells, and 
Arumbera 21 m thick at East Johnny Creek No. 1 well; (2) The Chandler 
and overlying Pertaoorrta sandstones overlie the Areyonga Formation in 
the Illamurta structure and westward near Tempe Downs, and overlie the 
Bitter Springs farther west in Wild Horse anticline and the Parana Hill 
anticline; and (3) The Chandler Formation overlies the Bitter Springs 
Formation at Old Station uplift. The southern boundary of the Central 
Ridge is based on: ( 1) The Chandler Formation overlies "Pertatataka 
Formation" (probably Bitter Springs) southwest of Maryvale; (2) The 
Mereenie Sandstone overlies Winnall Formation south of the Seymour 
Range; (3) The Tempe Formation overlies the Inindia Formation south of 
the George Gill Range; and (4) the absence of Arumbera in the Mt. 
Charlotte No. 1 well. 
A southern area where the Arumbera is absent extends eastward from 
Inindia Bore to north of the Black Hill Range. The northern boundary of 
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this southern area is based on: (1) The Larapinta Group overlies the 
Inindia Formation east and west of Angas Downs and 25 km northwest of 
Curtin Springs; (2) The Arumbera is absent in the Erldunda No. 1 well; 
and (3) The Larapinta Group overlies the Inindia Formation in the Black 
Hill Range. 
During field reconnaissance, Oaks (1984, oral communication) 
recognized outcrops the resemble unit 1 of the Arumbera southeast of the 
Liddle Hills, north of Angas Downs. Based on similar tones on aerial 
photographs, he believed that the same unit, possibly the Arumbera, 
probably is present to the northeast in the Seymour Range. Because the 
Arumbera is present in these areas and as a probable equivalent at Ayers 
Rock to the southwest and possibly at the Mt. Charlotte No. 1 well to 
the east, it is possible that several more of the outcrops mapped as 
questionable Pertaoorrta Group contain Arumbera (Fig. 25). 
Age of the Arumbera Sandstone 
Prichard and Quinland (1962) considered the Arumbera to be either 
Proterozoic or Cambrian in age. Wells et al. (1967) considered units 3 
and 4 to be Early Cambrian age based on the presence of Phycodes and 
Diplichnities. Based on a single specimen of Rangea cf. longea found 
in the basal sandstones of the Arumbera, Wells et al. (1967) speculated 
that the lower part of the Arumbera may be of Late Proterozoic age. 
Glaessner and Walter (1975) described and named impressions that 
resemble coelenterates, Arumberia banksi, for which they presumed a 
Late Proterozoic age for Unit 2 at the Valley dam secton. However, 
Brasier (1979) interpreted Arumberia to be the result of inorganic 
processes. Richard Jenkins (1979, written comm. to K.T. Conrad) and 
Barry Webby (1981, oral comm. with R.Q. Oaks) also believed that 
Arumberia may be a pseudofossil. Bland (1984) further described 
Arumberia and suggested it was restricted to very shallow water, 
possibly in non-marine environments. He pointed out that Arumberia has 
been found in rocks of both latest Proterozoic and Early Cambrian ages. 
In addition, Bland (1984) cautioned that Arumberia may not be confined 
to that particular interval of geologic time. 
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Wade (1969) and Kirschvink (1978) reported impressions of medusoids 
in Unit 2 at the Valley dam section, which they believed indicative of a 
Late Proterozoic age based on the presence of similar impressions in 
rocks of probable Late Proterozoic age in the Georgina Basin. 
Conrad (1981) reported the presence of Phycodes antecedens in unit 
1 at the Wyeecha section. Phycodes antecedens was interpreted as Late 
Proterozoic in age by Webby (1970). 
Daily (1972) proposed placing the Proterozoic-Cambrian boundary at 
the contact between Units 2 and 3 of Wells et al. (1967). He based his 
proposal on the presence of Phycodes pedum, Diplichnites, Rusophycus, 
and molluscan trails in Unit 3 and Rangea, an element of the Ediacara 
fauna, in Units 1 and 2. 
Conrad (1981) raised the question of whether the absence of an 
organism is due to environmental controls or because the age of the 
sediment predates the range of the organism. He reasoned that 
environmental conditions during deposition of the Arumbera were harsh, 
as subaerial desiccation, fluctuations in salinity, periodic high 
energy, and turbid water probably were common place, and may have 
excluded most organisms of that time from the environment. Therefore, 
the absence of Early Cambrian trace fossils in Units 1 and 2 does not 
necessarily exclude an Early Cambrian age for Units 1 and 2. 
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Mike Owen (in Gorter et al. 1982) reported the presence of 
acritarchs in cores of Arumbera Sandstone in Mt. Winter No. 1 well. He 
believed the acritarchs may be late Early Cambrian in age. Because 
Units 3 and 4 were removed by erosion in the Gardiner Range, the 24 m of 
Arumbera penetrated in Mt. Winter No. 1 well probably are Units 1 or 2. 
Gamma-ray logs examined by the author suggest that the entire thickness 
of Arumbera is composed mostly of shale, and probably represents Unit 1. 
Fred May (1984, oral comm.) indicated that acritarchs are of 
questionable use in assignment of age dates because the majority of 
specimens lack diagnostic features. 
Conrad (1981) interpreted the Arumbera as a postorogenic and 
possibly synorogenic molasse deposit associated with the Petermann 
Ranges orogeny. Minerals in gneissic granite and granite in the Pottoyu 
Hills south of the Petermann Ranges were reactivated during regional 
metamorphism and granitization associated with the Petermann Ranges 
orogeny. Rb/Sr age determinations of biotite and microcline suggest 
that metamorphism occurred between 600 and 570 m.y. before present 
(Forman, 1966, p. 21). 
Assuming the Arumbera is synorogenic and the radiometric dates are 
correct, the lower part of the Arumbera could be Late Proterozoic if 570 
m.y. before present is the age of the Proterozoic-Cambrian boundary. 
Kirshvink (1978) proposed placing the Proterozoic-Cambrian boundary 
within the Arumbera based on a magnetic polarity reversal. He sampled 
the Arumbera at Areyonga Gorge in the Gardiner Range, at Valley dam near 
Alice Springs, and at Ross River Gorge in the northeastern Amadeus 
99 
Basin. His data revealed a long sequence of nearly normal values 
overlain by a zone of mixed normal and reversed polarities. The zone of 
normal polarity nearly corresponds to Units 1 and 2 and the lower part 
of Unit 3 at Valley dam, and Units 1 and 2 at Ross River. At Areyonga, 
the entire Arumbera is characterized by mixed normal and reversed 
polarity values. On this basis Kirschvink (1978) concluded that a major 
unconformity was present at the boundary between the normal-polarity 
zone and the mixed-polarity zone, and that Units 1 and 2 of the Arumbera 
at Areyonga Gorge were absent, so that the Arumbera there was 
correlative with parts of Units 3 and 4 at Valley dam and Units 3 and 4 
at Ross River. 
Phillips (in prep.) has shown that the Arumbera Sandstone at 
Areyonga Gorge consists of Unit 1 and the lower portion of Unit 2. 
Phillips (in prep.) and this study have demonstrated the presence of 
multiple phases of hematite cementation which occurred over long periods 
of geologic time during diagenesis. It is probable that the data of 
Kirschvink (1978) were affected by diagenetic events which may render 
his magnetostratigraphic results unreliable and his correlations 
invalid. 
Thus, a firm determination of the age of Units 1 and 2 is presently 
impossible. Because Units 1 and 2 contain faunal elements of presumed 
Late Proterozoic age, this author agrees with Conrad (1981) that Units 1 
and 2 should provisionally be considered of Late Proterozoic or Early 
Cambrian age. Units 3 and 4 probably are of Early Cambrian age based on 
their contained trace fossils. 
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TECTONICS 
Pre-Petermann Ranges Orogeny 
Previous work by McNaughton and Huckaba (1980) and by Oaks (1983) 
substantiated the presence of an E-W trending structure dividing the 
Amadeus Basin into northern and southern parts. Across this Central 
Ridge the Cambrian units, including the Arumbera on the north flank, 
directly overlie the Bitter Springs. Both to the north and to the 
south, thick accumulations of post-Bitter Springs sediments of Late 
Proterozoic age ar e present. Evidence of growth of the Central Ridge 
prior to the Petermann Ranges orogeny includes: (1) a thick sequence of 
Winnall upper Bitter Springs in the south, which thins north of the 
Rodgers Pass-Henbury area; and (2) restriction of the Winnall Formation 
to the southern side of the Central Ridge. Additional evidence of 
movement of the Central Ridge, at least prior to deposition of the 
Arumbera, consists of the angular unconformity below the Arumbera to the 
southeast in the Gardiner Range and the southward pinchout of the Julie 
Formation near Deep Well Homestead (Conrad, 1981; Oaks, 1983; Phillips, 
in prep.). The Julie Formation is absent across the Central Ridge, 
e.g., in the Allambi Hills, at Old Station Uplift, and south of the 
central Gardiner Range, but is probably present farther south in 
Bluebush No. 1 well (Oaks, 1984, oral communication). Furthermore, the 
upper tongue of Pertatataka pinches out southward between the western 
MacDonnell and Gardiner Ranges. 
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Phillips (in prep.) has documented a tectonic high at Areyonga 
which probably lies at a high angle to the Central Ridge. This high 
probably is genetically related to, but separate from the Goyder Pass 
diapir, and appears to pre-date the Arumbera and perhaps even the 
Petermann Ranges orogeny based on the following evidence: (1) The upper 
Julie unit is virtually confined to the Missionary Plain sub-basin along 
the western MacDonnell Range, whereas the lower Julie unit is confined 
to the Carmichael sub-basin in the Gardiner Range (Fig. 5); (2) the 
upper Julie and the underlying tongue of Pertatataka thicken eastward 
from the Goyder Pass area (Fig. 5). 
Petermann Ranges Orogeny 
Because unit 1 of the Arumbera thins eastward and westward toward 
the Areyonga section, uplift of the area near Areyonga began either 
during or before the early stages of the Petermann Ranges orogeny. In 
the western MacDonnell Ranges. units 1 and 2 of the Arumbera thin 
eastward and westward toward Goyder Pass. Thus, it is probable that the 
greatest a~ount of thinning during deposition occurred above the 
incipient diapiric structure at Goyder Pass (Oaks, 1984, oral 
communication). 
Units 1 through 3 thin near Dingo No. 1 well (Plate 1). Unit 4 
thins southwestward from Ooraminna No. 1 to Dingo No. 1. The latter 
area shows continuous differential uplift throughout deposition of the 
Arumbera. Lithofacies 2b pinches out around this high area. 
Lithofacies 2b also is missing in the Wallaby No. 1 and Ooraminna No. 1 
wells. It is probable that differential uplift, extending northeast 
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from Dingo No. 1 well was more pronounced during deposition of unit 2 
than during deposition of units 3 and 4. Thinning of units within the 
Arumbera near Dingo No. 1 is consistent with the seismic data that show 
thickening of units into the surrounding synclines (Oaks, 1984, oral 
communication), and is consistent with passive salt tectonics involving 
the Bitter Springs salt. Although this flowage probably began prior to 
deposition of the Arumbera, it may have been accelerated during the 
Petermann Ranges orogeny. 
Lithofacies 2c does not extend significantly into the western 
sub-basins (Fig. 26) . Thus, the source area for lithofacies 2c may have 
been south of Phillipson Pound. This interpretation is supported by 
paleocurrents in lithofacies 2c reported by Conrad (1981, Fig. 18). The 
combined evidence suggests an eastward extension of the earlier accepted 
limit of the Petermann Range orogeny (Forman, 1966), perhaps through the 
present location of the Newland Ranges Ridge. 
Tectonic growth of the Centra l Ridge probably was rejuvenated or 
accelerated during the Petermann Ranges orogeny. Unit 2b probably did 
not extend south to the Central Ridge; for example, both it and Unit 4 
pinch out to the southwest in the Deep Well Range. Only unit 1 may 
extend south of the Central Ridge, in the Liddle Hills and perhaps 
Bluebush No. 1 well (Oaks, 1984, oral communication), except in the west 
near Ayers Rock and the Olgas. Absence of the Arumbera across the 
Central Ridge indicates either by-passing of sediment across the ridge 
(e.g., lithofacies 2c) or post-depositional erosion, or both. 
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Post-Petermann Ranges Orogeny 
During deposition of the Todd River Dolomite, the Arumbera was 
uplifted and eroded west and south of the area near Dingo No. 1 well. 
The low-angle regional unconformity at the top of the Arumbera in this 
area and westward in the Gardiner Range and MacDonnell Ranges indicates 
that uplift along the Central Ridge tilted the basin northward, so that 
the Arumbera in the south was eroded more deeply {Plate 1). This 
northward tilting and erosion is also shown by the pinchout of the 
Arumbera on the northern side of the Central Ridge south of the Gardiner 
Range. It is significant that the Arumbera is absent far south of the 
Central Ridge, so that the south flank of the Central Ridge appears to 
have been uplifted more than the north. 
The effects of uplift during the late stages of the Petermann 
Ranges orogeny extended northward as far as the Ngalia Basin, where the 
Arumbera equivalent, the Yuendumu Sandstone, is unconformably overlain 
by the Walbiri Dolomite, an equivalent of the Giles Creek Formation 
(Wells and Moss, 1983). This widespread post-Arumbera uplift followed 
by deep erosional truncation of the Arumbera in the north-central part 
of the Amadeus Basin, which previously was not recognized. 
Following uplift, the Todd River, Chandler, Hugh River, Tempe, and 
Cleland formations were deposited westward with and onlap relationship 
to the eroded units of the Arumbera Sandstone. 
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IMPLICATIONS FOR PETROLEUM EXPLORATION 
In view of the scarcity of outcrops and well control in and around 
the Missionary Plain, additional N-S structures similar to the Todd 
River-Windmill-Yam Creek trend may be present but undetected. 
Geophysical data covering the Missionary Plain, especially east of 
Gosses Bluff, should be examined for "NR" zones in order to locate such 
structures if they exist. Across such structures, the Arumbera should 
be fractured, could have unproved secondary porosity, and may have 
communication, along faults, with source rocks in the Pertatataka or 
Bitter Springs. Also, such old growth structures should be more oil 
prone because neither source rocks ~or reservoir rocks were buried as 
deeply as in the adjacent depocenters. 
Through much of the area south of the Central Ridge, only Unit 1 of 
the Arumbera is present. West of Permit 189, widespread outcrops of 
underlying Late Proterozoic units suggest that remnants of the Arumbera 
are probably close to the present surface. Thus, the Arumbera in most 
areas south of the Central Ridge is much less prospective than areas 
north of the Central Ridge. Possible exceptions exist in the area 
southwest of Casey Bore uplift in Permit 189, where all four units of 
the Arumbera are present in southward-dipping outcrops (Oaks, 1983), and 
in the Ayers Rock area, where the Mount Currie Conglomerate and its 
equivalents may exceed 2400 m thick (Forman, 1966). 
Best potential reservoir properties of the Arumbera probably lie 
north of the Central Ridge. Based on porosity values listed in Table 1, _ 
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sandstones of all lithofacies of Arumbera in the Missionary Plain and 
Carmichael sub-basins may have good reservoir properties, and should be 
carefully evaluated during drilling operations. 
Lithofacies lb, in the western Gardiner Range, is similar to the 
basal white sandstone of the Arumbera in the Allambi Hills, Deep Well 
Range, and easternmost James Ranges. Oaks (1983) indicated that this 
lithofacies probably is the producing interval in Dingo No. 1 well. 
Lithofacies lb pinches out eastward in the Carmichael sub-basin. It may 
be prospective northwest of the Areyonga section. Beach sandstones in 
Unit 1, up to 20 m thick in the western MacDonnell Range, may extend 
southward in the subsurface in the Carmichael sub-basin. 
Good reservoir properties probably exist in lithofacies 2a in the 
Carmichael and Missionary Plain sub-basins and eastward. In the 
Carmichael sub-basin, an area of thick, interfingering lithofacies 2b 
may persist southward in the subsurface from the Stokes Pass East 
section. If so, the potential for stratigraphic traps exists near the 
updip pinchouts of tongues of lithofacies 2a. Probably a fault or 
extensive areas of fracturing is needed to provide access hydrocarbons 
from underlying source rocks through mudrocks of Unit 1 plus significant 
thicknesses of lithofacies 2b. 
Thin fluvial-sheet sandstones within lithofacies 3b and local thin 
beach deposits of lithofacies 3a are potential reservoir rocks in the 
Carmichael sub-basin, but probably are not important from the 
Areyonga-Goyder Pass area eastward at least to Ellery Creek due to 
post-depositional erosion. Within the Carmichael sub-basin, areas of 
southward updip pinchout, due to post-depositional erosion, are 
promising as traps due to the low permeability of the overlying Hugh 
River Shale. East of Ellery Creek, sandstone in Unit 3 may be 
prospective were the unit is present. 
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Unit 4 apparently is absent through much of the Missionary Plain 
sub-basin, and southward in the Carmichael sub-basin. In the latter 
area, if it extends southward, it may be prospective on any strucutres 
with closure or below updip pinchouts due to post-depositional erosion. 
However, in areas where Units 3 or 4 are over stepped by the Cleland 
Sandstone, seals for stratigraphic traps may be lacking. 
The dominance of yellow and green colors of mudrocks of lithofacies 
3a in outcrop in the Carmichael sub-basin suggests that Unit 3 could 
serve as a local source rock in the subsurface south of the western 
MacDonnell Ranges. Minor feeding trails (George Hays, 1983, oral comm.) 
and simple horizontal burrows in mudrocks and sandstones of lithofacies 
3a indicate adequate nutrients to support at least some organisms. Lack 
of bioturbation may reflect the rather harsh coastal environmental 
conditions and thus a restricted fauna unable to fully exploit the 
available nutrients. 
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Figure 6. Mineralogical classification of fluvial 
R 
1 ithofacies i n the Arumbera Sandstone before and after 
diagenetic alteration. Arrows point in direction of 
composition after alteration. Data were derived from 
point-counted thin sections. Fields are after Folk, 1974. 
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Figure 7. Mineralogical classification of marine 
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1 ithofacies in the Arumbera Sandstone before and after 
diagenetic alteration. Arrows point in direction of 
composition after alteration. Data were derived from 
point-counted thin sections. Fields are after Folk, 1974. 
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Figure 8. Class i fication of quartz in fluvial 
lithofacies in the Arumbera Sandstone (after Basu et al., 
1975). Data were derived from point-counted thin sections. 
See Table 4. 
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Figure 9. Classification of quartz in marine 1 ithofacies 
in the Arumbera Sandstone (after Basu et al., 1975). Data 
were derived from point-counted thin sections. See Table 4. 
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Figure 10. QFL plots of fluvial lithofacies of Arumbera 
Sandstone before and after diagenetic alteration. Arrows 
point in d i rection of composition after alteration. Data 
were derived from point-counted thin sections. See Table 8. 
Fields are after Dickinson and Suczek, (1979). 
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MARINE LITHOFACIES IA(* 5-6; 0 5-13), 
28( • 5-30; o 5-35), and 
3A( + 5-59; 0 5-62) 
Figure 11. QFL plots of marine 1 ithofacies of Arumbera 
Sandstone before and after diagenetic alteration. Arrows 
point in direction of composition after alteration. Data 
were derived from point-counted thin sections. See Table 8. 
Fields are after Dickinson and Suczek, (1979). 
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FLUVIAL LITHOFACIES IC (*1-8), 2A( • 5-16; o 5-41), 
38( • 5-56; o 5-69), and 
4A( 0 6-45; e 6-49) 
Figure 12. OmFLt plots of fluvial lithofacies of 
Arumbera Sandstone before and after diagenetic alteration. 
Arrows point in direction of composition after alteration. 
Data were derived from point-counted thin sections. See 
Table 8. Fields are after Dickinson and Suczek, (1979). 
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Figure 13. OmFLt plots of marine lithofacies of 
Arumbera Sandstone before and after diagenetic alteration. 
Arrows point in direction of composition after alteration. 
Data were derived from point-counted thin sections. See 
Table 8. Fields are after Dickinson and Suczek, (1979). 
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Figure 14. Q Lvl plots of fluvial lithofacies of 
Arumbera Sandstoni before and after diagenetic alteration. 
Arrow points in direction of composition after alteration. 
Data were derived from point-counted thin sections. See 
Table 8. Fields are after Dickinson and Suczek, (1979). 
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28( • 5-30; o 5-35), and 
3A( • 5-59; 0 5-62) 
Figure 15. Q Lvl plots of marine l ithofacies of 
Arumbera Sandston~ before and after diagenetic alteration. 
Arrow points in direction of composition after alteration. 
Data were derived from point-counted thin sections. See 
Table 8. Fields are after Dickinson and Suczek, (1979). 
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FLUVIAL LITH0FACIES IC(*l-8), 2A(• 5-16; o 5-41), 
3B( • 5-56; O 5-69), and 
4A( 0 6-45; e 6-49) 
Figure 16. OmPK plots of fluvial lithofacies of Arumbera 
Sandstone before and after diagenetic alteration. Arrow 
points in direction of composition after alteration. Data 
were derived from point-counted thin sections. See Table 8. 
Diagram is after Dickinson and Suczek, (1979). 
135 
Qm 
p K 
MARINE LITHOFACIES IA(* 5-6; 0 5-13), 
28( • 5-30; o 5-35), and 
3A( + 5-59; 0 5-62) 
Figure 17. OmPK plots of marine 1 ithofacies of Arumbera 
Sandstone before and after diagenetic alteration. Arrow 
points in direction of composition after alteration. Data 
were derived from point-counted thin sections. See Table 8. 
Diagram is after Dickinson and Suczek, (1979). 
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Figure 18. Rose diagrams of paleocurrents measured in 
lithofacies la. Arrows represent vector means. Numbers 
indicate sample size. Rose diagrams are divided into 30° 
intervals. Upper rose diagram is a composite of all 
paleocurrents measured in lithofacies la. See Table 10. 
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Figure 19. Rose diagrams of paleocurrents measured in 
lithofacies 2a. Arrows represent vector means. Numbers 
indicate sample size. Rose diagrams are divided into 30° 
intervals. Upper rose diagram is a composite of all 
paleocurrents measured in lithofacies 2a. See Table 10. 
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Figure 20. Rose diagrams of paleocurrents measured in 
lithofacies 2b. Arrows represent vector means. Numbers 
indicate sample size. Rose diagrams are divided i nto 30° 
intervals. Upper rose diagram is a composi t e of a ll 
paleocurrents measured in lithofacies 2b. See Table 10. 
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Figure 21. Rose diagrams of paleocurrents measured in 
lithofacies 3a. Arrows represent vector means. Numbers 
indicate sample size. Rose diagrams are divided into 30° 
intervals. Upper rose diagram is a composite of all 
paleocurrents measured in lithofacies 3a. See Table 10. 
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lithofacies 3b. Arrows represent vector means. Numbers 
indicate sample size . Rose diagrams are divided into 30° 
intervals. Upper rose diagram is a composite of all 
paleocurrents measured in lithofacies 3b. 
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Figure 25. Isopachous map of Unit 1, Arumbera Sandstone, 
northern Am ad e u s Ba s i n ( co n to u r i n t er v al = 5 0 m ) • 
COMPLEX 
ABSENT 
_,.__, 
• 
+ z~·oc 
,,.· OC1 
-
-- - --___ , __ .,,,,,. 
., 
/ 
/ 
·-
/ 
Figure 25. Continued . 
/ 
/ 
,, 
,, 
., 
/ 
/ 
.,, 
., 
~<t:.,' .,, 
~t;,-~ 
., 
., 
/ 
/ 
/ 
/ 
/ 
/ 
., 
/ 
.,, 
/ 
/ 
/ 
.,, 
.,, 
Cp , PERTAOORATA 
eull ' errr GROUP ER SPRINGS ~ ' HEAVITREE QU FM. ARTZITE 
..... 
-
-
ARUMBERA 
146 
ARUNTA 
SANDSTONE 
---------- -----~-- ...... ~~ - -- - -- - -- -...... '\ 
1.YER5 ltOCJC 
1i ..... . 
I 
I 
I 
/ 
I 
--- / /~= J 
---
-0 ·~ IQlt( 
? ARUMBERA ~N0STON( 7 _,,,. 
I ,,,,,--I 
\.<:;:. ! ' ,~. 
...... . 
;-.. ..__,_,:_ - - ---, \ .........._ '-
........ s ,..- · l - -
00,,,,$ '- • 
,_ - - --
..... 
- ---
,. , 
/ 
-- - -- -- -
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northern Amadeus Basin (contour interval = 50 m). 
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Table 1. 
4a 6-49 8 I-ti! 
4a 6--'Yi B l29J 
1> 5-69 6 no 
]J 5--ffi 6 !Hi 
ll 5-02 6 !ill 
ll 5-!B 6 5ffi 
a, !>-li 6 N 
a, !>-ll 6 ~ 
2a 5-41 6 461 
2a !>-16 6 l!n 
Compositions of point-counted thin sections before 
and after diagenetic alteration. 
73,<e 21, 2 
53,8' li, 4 
-.-
-,-
111,<e 13, 2 lR, lR 
:O,ffi 15, 3 -.-
42,42 ,v;,,v; lR, lR 
49,(D :li,24 1R, lR 
~.Ill 12, 5 -.-
72,<JJ 18, 1 -,-
ffi,~ II, 3 lR, lR 
ID,87 16, 9 -,-
rnAINS ( t CF rnAINS I 
-.-
1,lR 
1, 2 
7,10 
I, I 
1, 2 
l,lR 3, 4 lR,lR 
1,1 10,B lR,lR 
4, 4 
3, 4 
-.-
-.-
lR,lR 
-.-
1, 1 
5, 5 
I, I 
2, 3 
5, 5 1, I 
B, 7 -,-
17,16 lR,lR 
2,2 -.-
1, 1 
I, I 
I, 1 lR,lR 
1, 1 -,-
2, 2 lR,lR 
2, 2 l,lR 
-.-
-.-
-,-
-.-
5, 5 lR,lR 
I, 1 I, I 
7, B lR,11 
2, 2 lR, 1R 
-.-
-.-
4, 4 
2, 2 
I, I -,-
-.- -.-
2, I 
l ,lR 
lR,lR 
I, I 
2, 2 
2, 2 
-.- 67,53 
-.- ffi,<J; 
-.-
-.-
. 
l,lR 
78,lll 
77,fx. 
53,53 
67,51 
l'AlRIX 
-.- -.- -.-
-.- -.- -,-
-.- -.- -.-
-.-. -.- -.-
9, 9 3, 3 lR,lR 
-.- -.- -.-
lR,ll 
1R, 1R 
- .- ~.:o - .- -.- -.-
- .- ffi,!li 1R, lR 
-.-
I, 1 - ,-
-.- -,-
ffi .~ 
~.Ill 
I, 1 -,-
-.- - ,-
-.-
-.-
-,-
Z3,Z3 
21,21 
13,13 
11,11 
-.-
-.-
-.-
-,-
6, 7 
6, 7 
4, 4 
7, B 
6, 6 lR,lR, 17,17 
21,21. 2, 2 5, 6 
10,IO 
11,ll 
-.-
-.-
10,10 
14,14 
16,16 -.- 11,11 
16, 16 lR, lR 1R, 1R 
I 
-.- -.-
-.- -,-
-.- -.-
-.- -.-
-.- -,-
-.-. -,-
-.- -.-
-.- -.-
-.- -.-
-.- -.-
le 1-8 1 m 
la !>-13 6 141 
la ~ 6 !li 
!D,!i' 8, 6 lR,lR 3, 3 6, 5 2, 2 31,:P -.- -.- -.- -.- -.- -.- -.- 13,13 lR,lR 7, 7 I, I -,-
73,<JJ 19, 2 1R, lR 
63.~ al,10 -.-
l,lR 
4, 2 
5,6 -.-
4, 4 3, 3 
1, 2 
1, 1 
-.- -.-
I, I 1, I 
l,lR 
3, 3 
-.-
-.-
--,-
-.-
-.- -,-
-.- -.-
• Iron oxides: In reflected light, h8Tldtite appears to be predonlnant, with very minor amounts of leucoxene . 
14,14 
17,17 
-.-
lR,lR 
• Principally kaolinite replacement of orthoclase; most Is not true cement , but grades laterally Into kaolinite cement. 
I, I 
3, 3 
-.-
-.-
-.-
lR,lR 
-.-
-,-
-.-
-.-
0, 7 
1,11 
2, 5 
2,12 
12,12 lR,lR 
-.- 2, 7 
-.-
-,-
-.-
-.-
-.-
-.-
-,-
0, 2 
0, 7 
0, 4 
2, 7 
I, 3 
4,13 
3, 9 
Pma'ill'I 
.. 
4,IO lffi 
4, 16 Im 
3, 9 lffi 
3, 7 lffi 
lR,lR ro 
3,IO 'JI 
4, B Im 
7, 13 lffi 
6, 9 
7, B 
2, 2 lffi 
5,11 lffi 
5, 9 lffi 
Table 2. 
z 
0 
H 
... 
u 
w 
V, 
u 
z H 
V, 0 :,: 
w H ~ H ... u u 
< w '-' 
... 
"' 
H 
0 ~ ~ z H 
H E ... ~ ~ 
3b 6-44 8 
3b 1-36 1 
3b 1-35 1 
)a 6-37 8 
3a 6-34 8 
)a 6-26 8 
)a 6-21 8 
)a 6-19 8 
)a 5-67 6 
)a 5-51 6 
3a 5-50 6 
·3a 5-48 6 
Present compositions of visually estimated thin sections. 
rnAJNS (\ CF rnAJNS) 
~TIUX 
CEMENr R)ROSJTY 
NO 
TEXIURE 
;:: ! p: w 
:,: Q' w u ~ w V, ,.:: ,.:: u N < u u 0 ,.. H 
"' 
0 OU V, p: ;'i r::: ~ V, p: p: >< ~ V, w w ... ~ .. u H 0 z > w u ,-~ 0 ti) ti) "' u H 0 w w <I) 
~Vl~Vl 
w w w 
~+ 0 w ;;i 
'!! "' z ;'i w z ., 0 w 0 w p: V, ;'i H ~ ......... ... H H z ~ H ~ zv, 0 '-' ~ u z zz H ~ :>: >< H >< ""~ 0.. ... '-' 
"' 
N u u 0 
0~ !,j!,j > "' 0 :>: N 0.. 0 z 8;:i z z :ii p: ~ 0 0 H ~ HC., ... 0 H ~ z ... "' 0 ta :;! w H w :,: p: '-' p: u ... H es ,.. ~ ~ z ::i ~~ u ... H ... ta u ;'i ... ;;i f;l;;i w ti) 0 < ;;i ;'i 0 !:l ... p: p: 0 it ::, H !.l ... "'"' :,: sl H w p: ::, w p: < 0 w 0 !.l £ !2. ~ 0.. u "' :,: '-' H u a ... H u u <:>: ... 0.. Ul - - - - - - - - - - - - - - - - -
U59 73 8 - - 2 15 1 'IR - 1 71 . - - 19 - 4 - - 4 2 99 1-f, .30 
354 98 'rn 'rn 'rn - - 2 - - - 63 - - 11 - - - - 2 24 100 PS .48 
351 83 10 'IR l 6 TR 'ffi - - - 67 - - 27 - TR - - 4 2 100 f'W, .32 
1186 Felds(Ethic tu::lstone 
1140 74 - - - 14 - - 4 - 8 41 l 15 6 18 19 100 MS .11 
993 92 - - - 2 - 5 - - l 71 - - 9 - - - l 7 12 100 1-f, .21 
736 98 - ~ - I - - - - l 52 - - 30 - 1 - - 5 12 100 ws .35 
575 78 9 2 l 8 1 - TR - 1 64 - - 18 - HJ - - 5 3 100 MS .47 
684 59 21 9 2 5 l - 1 - 2 00 - - 11 l 3 - - 'rn 5 100 ws .17 
461 QJartzose Siltstone 
460 O-Jartzose D::>lostone 
455 38 - - - 2 58 TR TR - 2 52 26 - m - 7 10 'rn 4 1 100 PS • 36 
,_. 
<.n 
0 
Table 2. Continued 
rnA.INS (\ C£ GRAINS) l"Vl'l'RIX CEMINr E'OROOf'l'Y 
111-0 
~nm~ 
z ;;- i 0 ,,: H w 
I-< ;c Q u w ~ u i;; w w V) u ~ u N V) < 0 u 0 j .,: H ., ,,: OU V) ,,: i':: 0 V, u ,,: >< ~ V, z z H ~ u w .... ..Cl " u H 0 z V) 0 ;c w H ,-.~ 0 V, ;:i V) V) u ~ w H 0.. 0 w w j ~V) ~V) w w w u 0 w H I-< ;:i ~ V) z w z "' A w A w H+ ,,: V) u u :'i H I-< HI-< I-< H H z ~ H ~ zu, 0 '--' < w '--' ..Cl u oz zz H w :,: >< H >< ~l ..'l 0.. I-< '--' 
.... V, H V) N u u 0 ~~ ~~ ~ > I-< V) 0 :,: N 0.. 0 z ~;:i z z :ii 0 I-< ,,: I-< 0 0 H 0 H 1'.': z I-< V) 0 ti :;l w H i5 z ;:i w ~ ~ ,,: '--' u I-< H z ,.. ;';j s z ; ;cw u I-< H H I-< u :'i 1-<;:J f;l~ !:J V) 0 < ;:i 0 :'i 0 w !:;;'l I-< ,,: ,,: 0 H i5 I-< !.! ::, H ::, H !:l ,,: ::, w ,,: ;c 0 w 0 ~ ..Cl V) O' 0 :,: 0.. ~ .... V) u :,: ., '--' H u O' .... H u u ..;:,: I-< 0.. V) 
- - - - - - - - -- - - - - - - - 2 - 10 - 6 100 - .55 3a 5-47 6 454 24 - - - - 76 1R - - - 53 23 l - 3 - 2 PS 
3a 1-33 l 337 80 15 3 l l - 1R - - 1R 61 - - 6 l 3 - - 5 24 100 PS .49 
2b 5-38 6 376 64 10 - - 1R 10 15 l - 'IR 81 l - 6 1R 5 'IR - 1R 7 100 PS .45 
2b 5-27 6 230 94 - - - 4 - 2 1R - 1R 54 - - 15 - 3 - - 9 19 100 Mc; .21 
2b 5-26 6 215 88 4 
- - 6 - 2 1R - 1R 58 - - 10 - 3 - - 13 16 100 M.S .25 
2b 5-24 6 197 94 2 - - 4 - - 1R - - 57 - - 20 - 5 1R - 6 12 100 M.S .20 
2b 5-21 6 178 87 9 - - - - 1R 4 - 'IR 48 - - 5 - - - - 17 24 100 W5 .ll 
2b 1-27 l 293 76 16 IB 3 3 2 - IB - 1R 54 - - 15 6 7 - - 12 6 100 Mc; .13 
2b 1-26 l 259 73 15 2 5 - 2 - 3 - 1R 57 6 - 2 - 12 16 - 3 4 100 M.S .ll 
2b 1-24 l 248 72 8 l l 12 4 IB 1 - l 60 
-
- 16 2 4 - - 4 14 94 l'ffi .16 
2a 6-12 8 430 74 ll - - 7 - 7 1 - IB 70 - - 18 - 7 - - - 5 100 W5 .24 
2a 6-ll 8 389 62 9 - - 7 - 22 - - 'IR 79 - - 11 - 7 - 'IR - 3 100 PS • 36 
2a 5-39 6 396 72 9 - - 7 - l1 1 - IB 72 1R - 16 - 6 - - - 6 100 W5 .28 
Table 2. Continued 
rnAINS (% CF rnAINS) 
~ffi!X Cl:MNI' EOROSITY 
AN) 
'l'<'V'Tl!OI> 
z ;: ! 0 cc: H "' !-< ;,: ~ u 
"' 
u ,.. 
"' "' 
V) :..: 
"' 
u 
'.:! N V) < u u 0 ,.. H 
"' 
0 OU V) cc: j i'.: ~ V) u cc: CC:>: ,-l V) 
" 
z H g; "' ~ t,.. ,-l u H 0 z VJ 0 ;,: 
"' 
u ><~ 0 VJ ~ VJ V) u H 
"' 
H ~ 0 "' "' VJ H cc: "' "' "' ~+ 0 "' ;:i H !-< ~ VJ z j :z:: V) < V> "' z "' 0 "' 0 "' cc: V) u u j H ~!-< !-<!-< !-< H ~ H z '.:! H !-< zv, 0 '-' < 
"' '-' 
,-l u z zz H 
"' 
:,:: >< H >< < 8~ 0.. !-< <.:> t,.. VJ H VJ N u u 0 o!.! !.!!.! > !-< V) 0 :,:: N 0.. 0 z z z ~ 0 ~ cc: !-< 0 0 H !-< 0 H 1;: z !-< V) 0 tl ,-l "' H i5 z "' '.:! ;,; cc: '-' ~C, HC, cc: u !-< H z ,.. '.:! 5 z ; i':i~ < u !-< H H !-< !-< u j ~~ ~~ "' V) 0 i5 ~ 0 j 0 "' !-< cc: cc: 0 H E !-< ~ ::, cc: H ;,: ~ H cc: ::, ~ cc: ;,: ;:>H 0 "' 0 !.! =- V) £ 0 ~ ~ u "' ;,: '-' H u a H u u <:>:: !-< 0.. V) - - - - - - - - - - - - - - - - - - -
2a 5-34 6 345 65 9 - - 11 - 14 l - 'Ill 77 'Ill - 12 - 5 - - - 6 100 M.S .27 
2a 5-31 6 265 62 17 TR TR 9 - 12 'Ill - TR 69 - - 22 - 5 TR - 'Ill 4 100 ws .25 
2a 5-2) 6 188 87 3 - - 6 - 4 TR - - 68 - - 18 - 1 - - 4 9 100 t-wS .25 
2a 4-31 3 203 93 - - - 1 6 - - - TR 45 - - 19 - 1 - 3 7 25 100 PS .35 
2a 4-16 3 188 92 - - - 4 - 3 1 - TR 70 - - 2 - 14 - - 3 11 80 PS .17 
2a 3-35 2 254 86 - - - l - 13 - - TR 70 - - 17 - 3 - - 2 8 100 PS .5 6 
2a 3-34 2 239 94 - - - 3 - 3 TR - TR 68 - - 14 - 2 - - 5 11 100 t-6 .35 
2a 1-28 1 301 58 30 8 1 3 - TR TR - TR 61 - - 3 7 15 - - 4 11 100 M.S .13 
2a 1-19 1 216 68 21 3 1 6 - 1 - - - 70 - - 17 TR 6 - - - . 7 100 t-6 .60 
2a 1-16 1 207 79 8 2 l 6 3 1 - - TR 72 - - 17 2 5 - - 3 1 100 M.S .24 
2a 1-14 1 202 63 21 5 3 1 
- 3 TR - 4 78 - - 11 TR 5 TR - - 6 100 ws .25 
la 1-12 1 186 77 12 2 TR 4 - 2 TR - 3 66 1 - 7 1 9 11 - 1 5 100 PS .18 
la 1-5 1 142 73 5 2 3 7 1 9 TR - TR 71 - - 21 1 2 - TR 2 3 100 t-wS .24 
la 1-1 1 l3 62 24 2 4 4 2 TR 1 TR 1 68 
- - 18 3 5 - - 4 2 100 ws . 17 
* Iron oxides: In reflected light, hanatlte appears to be predoninant, with very minor aioounts of leucoxene. 
+ Principally kaolinite replacement of orthoclase; most is not true cement, but grades laterally into kaolinite cement. 
...... 
<.n. 
N 
Table 3. Detailed rock names of point-counted thin sections, based 
on present compositions. 
4a 6-49 
4a 6-45 
lb:k Nime (folk, 1974, p. 153) 
fine-grained, rroderately sorted, cµirtz-i kaolinite-, 
and tanati te-ceraited, metaiorµiic-rock-rragn01t-, 
chert-, nuscCNfte-, and magnetite-bearing st.blitharentte 
fine-grainro, nnlerately sorted, cµirtz-, kaolinite-, 
am hellati te-<:enented, s11 tstone- am samstnne-rock-
fragnent-, ct-ert-, and nuscovtte-bearing subJtiyll arentte 
l> 5-69 lll.'Cliun-gratned, nnlerately i.ell sorted, Q.Jartz-, 
kaolinite-, and hellatite-<:enented, ct-ert-bearing 
st.bJhy 11 aren t te 
l> 5-56 
3a 5-62 
3a 5-59 
2b 5-35 
lll.'Clilffl-gratnro, rroderately sorted, Q.Jartz-, kaol fnfte-, 
am hellatite-<:enented, ct-ert-, and magnetite-bearing 
st.bJf1yll areni te 
very fine-grained, poorly sorted, hellatite-, gitilsite-, 
Q.Jartz-, and f-eldspar-careited, metarorµiic- iJld 
sfltstone-rock-fragnent-, nuscCNi te- and magnet! le--
bearing arkose 
fine-grained, poorly sorted, Q.Jartz-, koolinfte-, 
t-emati te-, and feldspar-cenentedf metaroqi1fc-am 
shale-rock-fragne,t-, and magnet te-, nuscovite-
and bfotf le-bearing arkose 
lll.'Clfun-grafnro, nnlerately sorted, Q.Jartz-, tanatf te-, 
am kaolinte-<:enented, ct-ert- am shale-rock-fragnent-
bearing sttx:t-ert.areni te 
2b 5-30 
2a 5-41 
Rock Nime (Folk, 1974, p. 153; Pettijoh1, 1975, p. 165) 
f tne-gratned, nnderately sorted, 1-emati e- , (flartz- , am kaolinite-
careit.ed, ctert-beartng st.bJhyll areni te 
fine-grained, nnlerately sorted, Q.Jartz-1 oonati te- , and kaol tni te-cenented, chert-, nuscCNt te-, and magnet te-beari ng slbJtiyll areni te 
2a 5-16 lll.'Clhm-grainro, nnlerately sorted, Q.Jartz-, kaolinite-, and feldspar-
cenented, metarorµilc-rock-fragnent-, am chert-bearing sttJarkose 
le 1-8 
la 5-13 
la 5-6 
very coarse-gratnro, poorly sorted, Q.Jartz-, tanatfte-, kaolinite-, 
calcite-, am feldspar-canented, metaroq:tilc-rock-fragnent-, an:! 
and s!l tstone- iJld sandstone-rock-fragnent-bearing ctert-rich 
orthocongl anerate ( oligontct) 
flne-gratnro, nnlerately sorted 1 Q.Jartz-, kaol int te-, and oonati te-
cenen ted , chert-bearing st.bi:cy 11 arente 
very fine-gratnro, poorly sorted, Q.Jartz-, kaolinite-, tanatite-, and 
chert-cenented, metarorµifc-, am shale-rock-fragnent-, chert-, 
magnet! te-, ztrcm-, nuscovtte-, and bfoti te-bearing st.barkoSA 
NJlE: !fain cCJTµ)rtertts hat constitute l to lOt of tte grains are designated as "-bearing". 
!fain CCJr4X)llfflts that cmstitute rrore than lat of grains are desig,ated as "-rich". 
....... 
u, 
w 
Table 4. Quartz types, for four-variable plots of Basu et al. (1975), 
based on point-counted thin sections. See figures 8 and 9. 
L s N u pl p2 Mz 
2.3* 
L= l ithofacies 
4a 6-49 37 48 8 7 
4a 6-45 37 41 11 11 2.4* S= Sample number for th i n sect i on 
3b 5-69 32 43 5 20 1.2 N= Monocrystalline nonundulatory 
3b 5-56 36 48 6 10 2.0 quartz 
3a 5-62 54 43 1.5 1.5 3.3* U= Monocrystalline undul atory 
3a 5-59 53 33 8 6 2.7* quartz 
2b 5-35 29 46 10 15 1.8 pl: Polycrystalline quartz with 
2b 5-30 33 53 7 7 2.3* 2-3 crystal units per grain 
2a 5-41 36 44 11 9 2. 1 * p2: Polycrystalline quartz with 
2a 5-16 23 58 7 12 1.5 >3 crystal units per grain 
le 1-8 31 54 6 9 -0.7+ *Finer than size limits studied by 
2.4* 
Basu et al. (1975) 
la 5-13 35 53 9 3 
la 5-6 8 81 8 3 3.3* +coarser than size limits studied by 
Basu et al. ( 1975) 
Mz= Mean grain size (Folk, 1974) in phi units 
Table 5. Textural data derived from point-counted thin sections. 
GRAIN 
ROUNDNESS 
z D 
VI s ~ D ~ 1-- !5 ~ ~ u w 0 D !5 ~ VI IX w D 0 
::r z ...J z IX 
1--
-
...J ::::, ~ :::; i= w ~ :ii: 
- - - - -
4a 6-49 2 23 60 
4a 6-4 5 I 21 64 
3b 5-69 12 51 37 
3b 5-56 - - 24 67 
3a 5-62 I 18 69 
3a 5-59 2 28 66 
2b 5-35 I 19 74 
2b 5-30 I 19 74 
2a 5-41 I 13 68 
2a 5-16 12 43 42 
le 1-8 3 29 64 
la 5-1 3 2 22 72 
la 5-6 - - 24 65 
vf= Very fine-grained 
f= Fine-grained 
m= Medium-grained 
~ 
:5 
::::,,x 
<.!l<( 
~...J 
gi~ 
VI<( 
-
15 
14 
- -
9 
12 
4 
6 
6 
18 
3 
4 
4 
11 
vc= Very coarse-grained 
~ 
~ 
w 
-
26 
41 
45 
40 
35 
29 
47 
42 
39 
38 
45 
36 
47 
GRAIN STATISTICAL PARAMETERS 
EQUANTNESS (Folk, 1974; Friedman,1958) 
MEAN GRAIN 
5: SIZE (Mzl 
<( 
a D ~ ~ w gi :5 ~ phi term VI co mm 
- - - -
-
--
49 23 2 2.3 0. 20 f 
38 21 - - 2.4 0. 19 f 
41 14 -- 1.2 0 . 44 m 
48 11 l 2 . 0 0 . 25 m 
42 22 I 3.3 * 0. 10 vf 
44 26 l 2. 7 0. 16 f 
39 14 - - 1.8 o. 29 m 
41 16 I 2. 3 0 . 20 f 
48 12 l 2. l 0.23 f 
47 15 -- 1.5 0 . 37 m 
41 14 - - -0. 7 1.62 'IC 
52 12 - - 2 . 4 0. I 9 f 
41 II l 3. 3 0. 10 vf 
mws= Moderately well sorted 
ms= Moderately sorted 
ps= Poorly sorted 
STANDARD SKEWNESS 
DEVIATION 
(SORTING) 
<11 term SKI term 
-
-- - --
0.96 ms 0. I I fs 
0.95 ms 0.03 ns 
0.64 mws 0.05 ns 
0 . 88 ms 0. I 3 fs 
1.25* ps 0.02* ns 
1.01 ps 0.07 ns 
0 . 82 ms 0 . 23 fs 
0. 96 ms 0.09 ns 
0.88 ms 0. l 3 fs 
0. 75 ms -0.08 ns 
1.08 ps 0.43 sfs 
0 . 94 ms -0 . 09 ns 
I. 18 ps -0.03 ns 
ns= Near symmetrical 
fs= Fine skewed 
sfs= Strongly fine skewed 
* Sample 5-62 contains 12 i by volume matrix; values shown above are based on grains larger 
than 5 phi . The actual mean grain size Is smaller, standard deviation is larger, and the 
distribution is fine skewed. 
Table 6. Qualitative mineralogy of mudroc k sampl e s o f Ar umbera Sandstone 
determined by x-ray diffraction. 
1 2 3 4 LITHOLOGY MIIJERALOGY (listed in order of decreasing peak heights) 
4a 6-46 8 1360 red br. silt-shale quartz, ~aolinite , illite, orthocla se 
3b 6-31 8 1046 yellow orange mudstone quartz, kaolinite, ill ite, or thoclase 
3a 6-42 8 1215 yellow br. silt-shale quartz, kaolinite, ill i te, orthocl ase 
3a 6-38 8 1192 light br. siltstone quartz, orthocl ase, i 11 i te, kaolinite 
3a 6-33 8 1127 light br. mud-shale quartz , kaolinite, illite 
3a 6-27 8 984 yellow orange silt-shale quartz , illite, kaolinite, orthoclase 
3a 6-24 8 879 red mud-shale quartz, illite, kaolinite, orthoclase 
3a 6-22 8 748 grayish orange mud-shale quartz, kaolinite, illite, gypsum, montmorillonite 
3a 5-71 6 726 br. gray silt-shale quartz , illite, montmorillonite, chlorite, kaolinite, orthoclase 
3a 5-65 6 661 yellowish br. mudstone quartz, illite, kaolinite, montmorillonite, chlorite 
3a 5-49 6 459 grayish orange siltstone quartz, kaolinite, i 11 ite, chl ori te 
3a 5-46 6 458 olive gray silt-shale quartz, orthoclase , kaolinite, illite , chlorite, montmorillonite 
2b 5-36 6 386 red br. mud-shale quartz, orthoclase, illite, kaolinite 
2b 5-28 6 233 red br. siltstone quartz , kaolinite , ill ite 
2b 1-23 1 234 red br . mud-shale quartz , orthoclase, illite kaolinite 
la 5-10 6 115 red br. mud stone quartz , illite , montmorillonte, orthoclase, kaolinite 
la 5-8 6 92 red br. mudstone quartz, ill ite, chlori te, montmorilloni te, kaolinite 
la 5-4 6 14 red mud-shale quartz , orthoclase illite, chlorite 
la 1-11 1 180 red br. silt-shale quartz, do 1 anite, orthoc 1 a se, i 11 i te, kao 1 i ni te 
1 Lithofacies 3 Stratigraphic section number 
2 Sample number 4 Meters above base 
w 
u 
z 
w 
::::, 
0 
w 
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,_ 
w 
z 
w 
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Table 7. Paragenetic sequences observed in point-counted thin sections. 
I. 
u 
-,_ 
w 2. :z 
w 
'-" 
0 
w 
3. 
4. 
5. 
u 6 . 
-,_ 
w 
:z 
w 7. 
'-" 
0 
V) 
w 
:E 8. 
9. 
u 10. 
-1--
w 
:z 
w I I. 
'-" 
0 
_J 
w ,_ 
LI TH OF AC I ES IA IA 
THIN SECTIOU 5-6 5-13 
MECHANICAL • • 
COMPACTION 
"DUST RIMS" H H 
I• 
HEM AT !TE 
CEMENT 
FELDSPAR * 
OVERGROWTHS 
QUARTZ M M 
OVERGROWTHS 
HEMATITE 
CEMENT 
CARBONATE • • 
CEMENT 
KAOLIN !TE M M 
FORMATION OF F F 
SECONDARY 
POROSITY 
CHERT 
CEMENT 
GIBBSITE OR 
HEMATITE 
CEMENT 
s• S* 
A* A* 
J 
• 
M= Major event 
*= Minor event 
C=C hlorit e 
G= Gihhsi te 
H= Hematite 
I= I 11 i te 
K= Kao I init e 
IC 
I -8 
• 
H 
* 
M 
• 
* 
F* 
s• 
A* 
2A 2A 2B 2B 3A 3A 3B 311 4A 4A 
5-16 5-41 5-30 5-35 5-59 5-62 5-56 Sc69 6-45 6-49 
• * • • • • • • • * 
H H+ H+ c• H It H+ H H It 
I* c• I* 
M M M M 
• • * 
M M M M M M M M M M 
• 
• • . . • * • • • 
M M M M M • M M M M 
F F F F F F F F F 
s• s• s• s• S* s• 
A* A* A* A* A* A* A• A* A• 
J J J 
G 
H 
F= Dissolution of feldspar 
S= Dissolution o f metamorphic rock fragments 
A= Dissolution of authigenic cement (quartz, carbo nate, 
and kaol ini t el 
J= Horizontal fracture 
+ May hav e formerl during next diagenetic episorle 
Table 8. 
:z 
I V1 0 
ow 
-:c- :z I-
1-U -u 
- <t'. :cw 
.J LL. I-V1 
4 a 6-49 
4a 6-45 
3b 5-69 
]b 5-56 
3a 5-62 
3a 5-59 
2b 5-35 
2b 5-30 
2a 5-41 
2a 5-16 
le 1-8 
la 5-13 
la 5-6 
Mineralogic data before and and after diagenetic alteration 
for ternary plots of Dickinson and Suczek, 1979 . 
Accessories are ignored. See figures 10 through 17. 
0 F L Om F Lt Op LV L . s Om 
76,96 2 2, 2 2. 2 64, 81 2 2 , 2 I 4 , I 7 87,87 0,0 I 3, I 3 75,98 
56,85 36, 4 8, 11 44,66 3 5 , 4 21 , 30 60,63 0,0 40,37 56,95 
81, 9 2 14, 2 5. 6 61, 6 9 1 4, 2 2 5 , 2 9 87 , 87 0,0 1 3, i 3 82,97 
74,88 16, 4 10, 8 60,72 16, 4 24,24 5 7, 6 7 0,0 43,33 79,95 
45,45 54,54 1 • 1 44,44 53,53 3. 3 50,50 0,0 50,50 4 5, 4 5 
52,63 40,28 8. 9 45,54 40,29 1 5, 1 7 4 7, 50 0,0 53,50 S2,65 
83,90 1 2, 5 5. 5 57,61 1 2, 5 31, 3 4 84,84 0,0 16, 16 83, 92 
74,92 18, 1 8, 7 63, 78 18, 1 19 , 21 60,67 0,0 40, 33 78,99 
7 2, 8 \ 1 1 , 3 1 7, 16 54,60 1 1 , 3 3 5, 3 7 53,56 0,0 47,44 83,96 
82,89 16, 9 2' 2 65,71 16, 9 19,20 90,90 0,0 l O, l 0 80,89 
81, 84 l 1 , 9 8. 7 43,45 l l • 9 46,46 84,85 0,0 16, l 5 A0,83 
75,92 20, 2 5. 6 64,80 20, 2 16,18 65,69 0,0 3 5, 31 77,98 
68,80 2 5, 13 7. 7 60,70 25,13 1 5, l 7 55,57 0,0 4 5, 4 3 71, 85 
p 
0,0 
I, 0 
1, 0 
1 , 1 
4, 4 
4, 5 
0,0 
0,0 
0,0 
0,0 
5,6 
1, 0 
5, 3 
0- stable quartzose grains, including monocrystalline quartz grains ~Oml and polycrystalline 
quartzose llthlc fragments (Op); the later are chiefly chert. · 
F- monocrystalllne feldspar grains Including plagloclase (Pl and K-feldspar (K). 
K 
2 5, 2 
4 3, 5 
I 7, 3 
20, 4 
51 , 51 
44, 30 
1 7 , 8 
22, 1 
l 7 , 4 
20, 11 
I 5, I l 
2 2, 2 
24,12 
L- unstable polycrystalline llthlc fragments Including volcanic and metavolcanic types ILvl and 
sedimentary and metasedimentary types (Ls) other than chert. 
Lt- sum of Land Op· 
,_, 
u, 
co 
Table 9. Comparison of size, roundness, and equantness of quartz 
and feldspar grains in point-counted thin sections. 
AVERAGE 
R0UNDNESS2 GRAIN SIZEl (PERCENT) SHAPE3 (PERCENT) 
Quartz Feldsear Quartz Felds~ar Quartz Feldsear 
mm mm WR R SR SA-A WR R S SA-A E SE B SE E B 
4a 6-49 0.22 0.19 3 24 60 13 0 20 60 20 25 53 22 34 33 33 4a 6-45 0.20 0.19 0 21 65 14 0 25 64 11 41 35 24 43 39 18 
3b 5-69 0.49 0.43 12 51 37 0 0 56 44 0 45 42 13 45 22 33 3b 5-56 0.27 0. 21 0 20 70 10 0 40 47 13 42 47 l l 13 67 20 
3a 5-62 0.10 0.10 l 19 68 12 0 14 74 12 33 47 20 39 39 22 3a 5-59 0. 16 0 .16 l 27 67 5 0 32 65 3 28 48 24 28 42 30 
2b 5-35 0.30 0.31 l 20 73 6 0 8 92 0 51 36 13 8 75 l 7 2b 5-30 0. 21 0. 17 0 21 73 6 0 8 88 4 44 40 16 23 62 15 
2a 5-41 0.25 o. 25 1 14 64 21 0 5 90 5 46 44 10 26 58 16 2a 5-16 0. 37 0. 51 13 42 43 2 0 54 38 8 39 47 14 27 47 26 
le 1-8 0.33 o. 25 3 32 62 3 7 20 60 13 46 38 16 47 47 6 
la 5-13 0.21 0 .19 2 24 71 3 0 0 92 8 39 50 11 31 58 11 la 5-6 0.10 0. l l 0 21 69 10 0 27 63 10 51 42 7 33 43 24 
. 
1Longest visable diameters of grains, measured in thin section (see Friedman, 1958). 2Based on visual scale of Powers (1953): Well Rounded, Rounded, SubRounded, and SubAngular to 
Angular. - - - - - - -
3
"5"hape: length/width ratlo:!_quant< (l.5/1) <~ub-Equant< (2/1) <Bladed< (6/1). 
Table 10. 
z 
~ -
i£ ~ t::l §3 ~ Vl i ~~ '.::I 
-- - -
Ellery la 8 
Creek 2.a 11 
2b 6 
3a 6 
l> 4 
Glen la 28 
Pel en 2a 29 
East 2b 13 
Glen la 3 
Pel en 2a 12 
~st 2b 3 
3a 3 
l> 7 
Cbyder la 8 
Pass 2.a 53 
~st 2b 7 
Stokes la 8 
Pass 2a 26 
East 2b 14 
3a 23 
l> 5 
Stokes la 9 
Pass 2a 12 
2b 5 
3a 2 
3b 8 
Paleocurrent data for the Arumbera Sandstone, western 
Mac Donnell Ranges. 
e; + N t t ~~ B I- .J I- .J 
;! ~ i i~i E5 <( ...... <( ...... b~ b+ ...... u § b j; ~~ ~~ ~ ~ :c !~ II >; ~~~ ~~~ ;~ ~~~ B; N o• N o• ~:L3 6~ 6@ 
-- -- -- - -- - -- -- --
85 33 0.81 * * • * * • 
25 52 0.59 4 2.75 8.9 3 7.8;tR 4.6;tR 
42 20 0.76 * • • * • • 
216 72 0.20 * * * * • * 
23 62 0.42 * * * • • * 
84 52 0.59 5 5.6 20.9 4 9.5;tR 5.9;1-R 
72 47 0.66 5 5.8 28.8 4 9. 5;1-R 5.9;tR 
47 53 0.57 4 3.25 · 7.9 3 7 .8;1-R 4.6;1-R 
216 36 0.00 * * * * • * 
'!iJ7 57 0.51 4 3 7.2 3 7.8;R 4.6;1-R 
39 42 0.73 * * * • * * 
161 57 0.51 * * * * * * 
220 52 0.58 • • • • • • 
81 67 0.32 * • * * * • 
fQ/277 36/38 0.00/0.78 9 6 18.2 8 15.5;1-R 11.3;1-R 
53 58 0.48 * • * • • • 
76 46 0.68 * • * * * * 
60 50 0.62 5 5.2 20.4 4 9.5;1-R 5. 9;1-R 
87 58 0.48 4 3.5 6.0 3 7.8;R 4.6;1-R 
'!iJ7 60 0.34 4 5.75 6.4 3 7.8;R 4.6;tR 
34 56 0.53 * * • • • * 
20 52 0.59 3 3 4.6 2 5.9;R 3. 2;1-R 
24 41 0.74 4 3 9.2 3 7.8;1-R 4.6;1-R 
43 20 0.91 • * • * • * 
38 5 0.93 * * • * * • 
50 52 0.59 * * • * * * 
,_. 
0) 
0 
Table 10. Continued. 
'~ I=! ..... ~~ 
--
Haast 
Bluff 
All 
se:tions 
comined 
z 
~!i + N ~ ~ ~ ~ ~i b~ ~~ 6 tid tid b+ § b ;; ii I (/) ;;! i ~!~ ~~~ ;~ !! Ii 5; N •• N l,Q ~i!!i 6~ 6@ 
- - -- -- - - -- - - -- --
la 19 59 63 0.39 4 4.75 3.9 3 7.8;R 4.6;R 
2a 21 00 53 0.58 4 5.25 11.9 3 7 .8;t-R 4.6;t-R 
2b 19 44 61 0.44 4 4.75 5.6 3 7.8;R 4.6;1-il. 
3a 15 53 55 0.53 4 3.75 8.7 3 7 .8;t-R 4.6;t-R 
l> 14 21 41 0.74 4 3.5 8.3 3 7 .8;t-R 4.6;1-il. 
4a 28 52 37 0.00 5 5.6 33.8 4 9. 5;t-R 5.9;t-R 
la 83 74 59 0.47 9 9.2 47.6 8 15.5;1-il. 11.(},t-ll. 
2a 162 47 64 0.37 12 13.5 57.0 11 19.7;1-il 14.6;t-R 
2b 67 51 55 o.~ 8 8.ll 65.0 7 14.0;t-ll. 9.8;1-il. 
3a 49 7 74 0.18 8 6.1 11.9 5 14.0;R 9.8;t-R 
l> 38 23 64 O.ll 6 6.J3 13.2 5 11. l;t-R 7.3;1-il. 
4a--see lbast Bluff cE0,1e. 
+ 5 classes cm 5 exl)'.'Cted >servations per class (Le., ~le size= 25) are considered a min11Tl111; 
~er, statisticians are achlevirg reprcxlocible ard acceptable results with~ e.xl)'.'Cted 
d>servatlons per class (W.D. U<klell, l'll4, oral comrnlcation). ~le sizes ranging fmn 9 to 
24 were tested using 3 to 4 class Intervals ard e.xl)'.'Cted >servations per class interval • 
• 
~le sizes less than 9 were rot tested. t-R = ltn-ranoon distribution R = Randon distribution 
Table 11. Summary of l i thol ogic parameters measured 
of Arumbera Sandstone, western MacDonnell 
in 1 i thofacies 
Ranges. 
LITH(HC IES IA 
LITHOLOGY Sandstone ( abundant) Silt-shal e( mud-shale, and Do 1 as tone 1 ( rare l 
siltstone camon ) 
RANGE IN silt to coarse sand with clay to very fine ~and with micritic to very fine-crystalline GRAIN SIZE minor coarse sand and granules rare scatter ed mediun to with minor silt and mud 
scattered on bedding surfaces coarse sand 
PREO(J,IINANT very fine to fine 
GRAIN SIZE 
JNORGANfC MAJOR: nu, pi alpha, 001ikron MA,JOR: wavrparall el 1 aminae, MAJOR: nu, P.i, lambda cross SEDIMEN ARY cross strati flcation and nu cross s ratification stratification STROCTURES planar-parallel laminae 
MIIJOR: xi 2, lambd~f-ka~pa, beta 
MltlOR: nu cro ss stratification with MINOR: wavy-parallel laminae 
lcrninae of sandf wavr-discontinuous 
RARE: syneresis cracks 3 (subaqueous) ?amna cross strati 1ca 10n and and planar-para lel aminae, 
solated, straight-crested desiccation cracks (subaerial) 
current ripples 
RARE: shrinkage cracks, load 
castf, flute casts, oscillation 
ripp es 
rery thin to very thick beds 
average: 12 cm; range: 1-200 on) very thin to medium beds 
bedding par all 11, wedging, bedding parallel beddin3 wedging, wavy, and and scoured; m nor wavy- scoure par all el 
BIOGEN IC none observed 
SEDIMENTARY 
none observed rare, simple horizontal burrows3 
STROCTURES 
FRESH MAJOR: moderate red, pale and MAJOR: mod eh ate redd i sh brown, MftJOR: pall red, moderate red, COLORS moderate reddish ~rown, rayish dark reddis brown, moderate red, moderate p nk 
red , reddish purp e , pal red pale reddish brown, grayish red 
MINOR: grayish pink, grarish MINOR: yellowish grar, pale 
orangef mooerate brown, ight yellowish or~nge, pa e red, dusky 
gray, ight alive gray red, pale olive 
WEAH£RED MAJOR: P.ale and moderate reddish MAJOR: P.ale and moderate reddish ~OR: moderate ~ellowish brown, COLORS brownf ijark reddish brown, grayish brown, ijark reddish brown pa e red, pinkis gray 
red, ight brown, moderate red 
MINOR: pale reddis~ rur~le, moderate MINOR: modfrate red,o3rayish orfng{ brown, pa e red, pm is gray, pink, grfr sh red, m erate yel ow sh 
yellowish brown, grayish orange orange, ght olive gray 
OTHER muscovite-bearini; local cartonate muscovite-bearing, calcareous ool i tic 4 ; ooids con ta in hematite-rep! aced FEATURES cement, shale-Ji floclast molds, cores, calcareous, locally muscovite -bearing 
1/i!auconite, and concentrations of 
avy minerals 
-0-, 
N 
Table 11. Continued. 
LITHCJ" AC JES IC 
LIHIOLOGY 
RANGE IN 
GRAlll SIZE 
INrnGANIC SEDIMENTARY 
STRUCTURES 
Orthoconglonerate and congloneratic sandstones 
groundnass of coarse silt to very 
coarse sand with 2-55 't Qranul es and 
pebbles [5 largest c1asg: 23, 20, 6 19, 14, 4 ITITI) of ~artzi te and chert 
pi cross stratification 
thin to mediun beds (average : 11 Oil; range 9-12 OTI)' 
bedding wedging and scoured 
BIOGENIC none observed SEDIMENTARY 
STRUCTURES 
FRESH grayish red, moderate red 
COLORS 
WEATHERED grayish red, moderate brown 
COLORS 
OHER trace of glauconite 7 and micas, 
FEATURES forms discontinuous 1 enses several 
meters wide and up to D.5 m thick 
Table 11. Continued. 
LITlffACIES 2A 
LITHOLOGY 
RANGE IN 
GRAIN SIZE 
Sandstone ( daninant) 
silt to very coarse ~and with very 
rare gravel ( < 3 an) 
PRE()(J,IINANT very fine to medium 
GRJ\IN SIZE 
INORGANIC MAJOR; P.i, and nu cross 
SEDIMENTARY stratification 
STROCTURES 
B IOGENIC 
SEDIMENTARY 
STROCTURES 
FRESH 
COLORS 
WEATHERED 
COLORS 
OTHER 
FEATURES 
MINOR: planar-parallel laminae, 
anikhln lambda, and kappa cross 
strat f{cation, furious ~ross 
strat fication, parting lineations 9 on upper surfaces of forsets of dunes 
RARE: ~1· IO alpha, beta, ganma cross 
stratif caii on, solitary curved-crested 
current ripples, load casts, ball and 
pillow structures, raindrop imprints 
yery thin to very thick beds (average: 24 cm; range: 1-125 cm) 
bedding 1;edging, scoured and minor 
par all el 
rare Skol 1thos1 I 
MJIJOR: moderate red, reddish purple, 
graY.iSh red, pale red, moderate 
redcl i sh brown 
MINOR: gray1·sh orange, orange pink, 
pale yellow sh bro~li'I, light brown 
MAJOR: ~Qderate and J!i!le reddjsh 
brown, 11ght brown 1 cl ark redd1 sh brown, mooerate reodish orange 
MINOR: moderate red, gr~yish red, 
grayish red purple, yellowish brown, 
IJrown i sh gray 
coomon shale-lj"thoclast molds, 
locally muscov le-bearing , rare 
carbonate cement and heavy-
mineral concentrations, 12 coarsening upward intervals 
Siltstone and mud-shale (minor) 
clay to very fine sand 
AAJOR: wavy-~rallel lilllinae, nu 
cross stratification 
RARE: desiccation cracks 
none observed 
MAJOR: moderate and dark reddish 
brown 
MINOR: pale reddish brown 
moderate reddish brown, grayish red 
muscov ite-b~ar i ng, ca 1 careous 1 oc a 11 y, 
present as rnterfieds and 1 enses 
Conglaneratic sandstone (minor) 
very fine to very coarse grovnm1ass with 5-15 i granules and gebbles {5 largest 
clasts: 28, 27, 25, 21 20 nm) of angular to 8 rounded chert, quartz1 le, and minor vein q.iartz 
MAJOR: pi, anikron cross stratification 
thin to thick beds (average: 32 cm; range: 6-55 cm) 
bedding ~dging, scoured, and minor parallel 
none ob served 
AAJOR: moderate r~dd i sh brown ,
pale reddish purple 
MINOR: moderate red, pale red 
MAJOR: gra_yish re~1 moderate reddish brown, moderate reodish orange 
MINOR: pale and light brown 
coornon shale-lithoclast molds, 
rare muscovite 
Table 11. Continued. 
LITHa'ACIES 2B 
LITHOLOGY Sandstone (abundant) 
RANGE IN si 1t to coarse sand with well 
GRAIN SIZE rounded very coarse sand and 
granules scattered on bedding 
surfaces 
PREDOMINANT very fine to fine 
GRAIIJ SIZE 
INORGANIC 
SEDIMENTARY 
STRlUURES 
MAJOR: nu, mu, alpha, omikron, pi 
cro~s stratification, planar-parallel 
1 am1nae 
MINOR: xi 15 lambda, kappa cross 
stratification, wavy-parallel laminae, 
,urrent ripple~ with mud and silt 
laminations, bifurcating oscillation 
ripples, load casts, de~iccation cracks 
RARE: interferen~e oscill9tion ripples, 
nat-topped oscillation r1pples,u 
raindrop imprints, Runzelmarken , 
convolute beds, and sand volcanoes 
silt-shale, mud-shale, 
siltstone, and mudstone (ccmron) 
clay to fine sand 
MI\JOR: wavy-parallel and wavy-
discontinuous 1 aminae, nu ani:I mu 
cross stratification 
MINOR: planar-parallel 1 c111inae 
current ripples with laminae of sand 
yery thin to very thick beds very thin beds (average: 12 cm; range: 1-150 cm) 
BIOGEN IC 
SEDIMENTARY 
STROCTURES 
FRESH 
COLORS 
WEAH£RED 
COLORS 
OTHER 
FEATURES 
bedding ~rallel to wedging, minor bedding parallel 
wavy-parallel and scoured 
none observed 
MAJOR: moderate red, pale red, pale 
and moderate reddish brown 
MINOR: reddish purple, grayish red, 
moderate reddish orange, pale orange, 
yellowish orange, pin~ish gray 
MAJOR: moderate and pale reddi~h 
brown, moderate red, dark reddish 
brown, moderate brown, grayish red 
MINOR: pale red, light brown,_grayish 
orange~ _grayish orange red, with 
pale 01 we spot~ 
muscovite-bearing, heavy-fflineral 
concentrations; local carbonate 
~011ent glauconite, and shale-
lithocf~~t6molds; coarsening upward 
intervals 
rare simple horizontal burro~~!! 
MI\JOR: moderate reddish brown, dark 
reddish brown, moderate red 
MINOR: grayish red, light brown, pale 
green, greenish gray 
MAJOR: pale and moderate reddish 
brown, grayish pink, moderate red 
MINOR: moderate orange pink pale tQ 
dark yellowish orange, lighl greeenish 
gray 
muscovite-bearing, locally calcareous 
Conglomeratic sandstone 13 (rare) 
very_ fine to coarse grounanass with 
5-10 i argul9r to well rounded granules 
and pebbles 15 larqest clasts : 331 25, 14 23, 20, 20, 11TI1) or chert and quarczi te 
pi cross stratification 
mediun beds 
bedding wedging and scoured 
none ob served 
moderate reddish brown, grayish red, 
moderate red 
moderate red 
Table 11. Continued. 
L IHU" AC 1£S 2C 
LITHOLOGY 
RANGE IN 
GRAIN Sil£ 
UIORGANIC 
S£01M£NTARY 
STRUCTURES 
8IOGENIC 
S£0 IM£NT ARY 
STRUCTURES 
Fll[SH 
COLORS 
11£ATH£RED 
COLORS 
OTH£R 
F£ATUR£S 
Orthocong 1 (JT!era te 17 
angular to well rounded granules and 
pe!ibles (5 largest clasts : 35, 30 30, 25, 20n nm) 
of chert, quartzite, and minor vein quartz In 
a mostly very coarse -grained grounctnass 
pi and minor nu c ross stratification 
medfLm to thick beds (average : 43 on; range : 18-80 on) 
bedd1 ng wedg 1 ng and scoured 
none observed 
moderate red 
moderate red 
fonps tWQ later~l 1y discontinuous 
strike ridges wlthln llthofac1es 2b at the Stokes 
Pass section 
Table 11. Continued. 
LITlff /IC 1£S ~ 
LITIOLOGY fflt-shalv, mud-shale, mudstone Sandstone ( ccmnon) Dolostone (rare) Iron-repla ced blomicrlte (rare) 
abundant 
RANGE: IN cl a{ to JedflJll sand Jith rare clay to ve1y coarse sand with micrl tic to nry up to 25 't very ~nf terrig enous GRAIN SIZE seater coarse sa rare granu es scattered on fine -crystal ne sand to ~ebbles 5 argest 
bedding surfaces 11 asts : 7, 20, , 15, 13, mm), ron-re~ aced al ochanJ ran~ from 0 . to I. 5 nm In fame r 
PR£ ()(}11 NANT 
GRAIN SIZE 
very fine to fine 
lNOR~NIC wav,-parallel and wavy-dfscv?ffuous AAJOR: nu, pf, <J1lfkron1 mu, xi, al it,a, SlDIMENTARY lff na1, nuf :::'f cros} strat cation beta cross stratlflcat on STROCTURES w th m nor am nae o sand 
Ml~OR: current ripples \1tt JamJnae of 
mu and sf It, wavy-par al e am nae 
RARE: herringbone crols 1 amfnae 11, 3 rcaser beddl~, react vatlon surfaces • 
oacl casts, d st1catlon craclr.s18 truncated wave-r pple laminae 
very thin to medl1111 beds yery th! n to thfcl:: beds very th! n beds fhln to thick beds 
average: 9 cm; range: 2-48 an) average~ g2 anj 
ran~e: - 6 an bedding par all el to wedging g:ralJeJ to we~f~ minor wavy- 1 ent !cul ar wedg ng and scoured 
ra e and sc ur 
8 IOCI:NIC none ob served Skollthos, Dfplfchfnftes, none reserved none reserved 
SlOIMENTARY 
STROCTIJllS simple and branchlni horlzo~l burrows, r-tlnCJT10rphf hnus, a 
Phycodes ped11111g 
FRfSH AAJOR: moderate fTddfs~ brown, ~ro: pfle yellow1fh or~nge, pale moderate brown gray! sh bro""1 co rns moderate ~rown ght rown' araifsh ye ~w1 s brown, pa e re , pa I e 
oran~e~ l~ht 6rownfsh gray, ar redd sh rown 
redd s b wn 
MINOR: Pf'e and m°:lerate fll~sh 
orange, jht and ari ye o sh brown, pal green, pa e o ve 
MrOR: moderate rvd~ reddish r[ple, ght rown ray s ran e n , I ght trownlsR gray, Vtghi or ve green 
WlATHERlD 
~OR: grayls~ o~nge, f~owish AA.If: l gtf ~rown, yellm,1fh brown, gray! sh pink dusky yellow brown COLORS wn, rays r , yel sh orange dar ye 1 s orange, gray sh orange 
Hf NOR: light brown gr~fsh ~rown, ~INOR: ~ale reddfs~ ~~· grayish 1 ght gray, moderate r , ol ve gray 
~wn, odera~ ie 1 s yrange, pa e red, grays red, med lJ1l gray 
OTl-lR muscov f te-~arfng, local heavy-mineral muscovlte-bearfnu local carbonate prysent as lenses w1 fhln sll tstone forms a flnfnJ-upwrd ~(1Jence 
-
FlATIJlES concentrat ons VIT~1aila~va~ • and shale - on y near the base o lh1I f P at presynt at ti Sto es rasf Easl the Stokes Pass East sect on sect on at the base of l)l t P CJ) 
-..J 
Table 11. Continued. 
LJTHCHC !ES 38 
LITHOLOGY 
RANGE IN 
ffil\lN SIZE 
Sandstone (daninant) 
s i1 t to very coarse sand with rare 
angular pebbles ( <20 an) 
PRE()(}IJNANT very fine to medium 
GRAIN SIZE 
INORGANIC MAJOR: pi, nu, cross stratification 
SEDIMENTARY 
STRLCTURES MINOR: planar-parallel laminae 
RARE: lambda, alpha cross 20 stratification, oscillation ripples 
yery thin to thick beds {average: 21 an; range: 3-100 an) 
bedding wedging and scoured, minor 
wavy 
BJOGENJC rare Skolithos and branching 
SEDIMENTARY 
STRLCTURES horizontal burrows21 
FRESH 
COLOOS 
IIEATHERED 
COLORS 
OTHER 
FEATURES 
MAJOR: very pale orange, grayish 
orange, yellowish orange, light gray, 
grayf sti red purple 
MHIOR: l lght brownish gray, moderate 
yellowish brown, pale orange brown 
pale red, grayish red, grayish pin~ 
MAJOR: light brown, grayish pink 
orange, moderate brown, moderate and 
light 6rownish gray 
MINOR: grayish orange and brown, pale 
yellowish orange 1 grayish red, moderate red, mooerate reddl sh brown 
fining-upward cycles 22, ccmron 
~hale-llthoclast molds, mica-bearing 
in p~rt, heavy-mineral concentrations 
locally, trace of glauconite; arurite 
and malachite surface stains on 
outcrops at the Ellery Creek section 
Si lt-shale and siltstone (minor) 
clay to very fine sand 
wavy-Pi!rall el laminae nu cross 
stratification with minor lilllinae 
of sand 
none ob served 
MA.JOO: dark yell owl sh orange, pale 
yellowish orange, grayish orange 
MINOR: moderate brown, moderate 
reddl sh brown 
dark yellowish orange, very pale 
orange, pale red, grayish orange 
present as interteds 
and lenses at the Haast Bluff 
section only; muscovite-bearing 
Table 11. Continued. 
LITH<F AC IES 4A 
LITHOLOGY 
RANG£ IN 
GRAIN SIZE 
Sandstone ( d001inant) 
silt to coars e sand 
PREOOMINANT very fine to fine 
GRAIN SIZE 
INORGANIC 
SEDIMENTARY 
STRUCTURES 
MAJOR: pi, and nu cross 
stratification 
MINOR: '001ikron cros~ st r atifi cati on, 
planar-parallel laminae with 
minor internal scours 
RARE: load casts 
thin to thick beds (average : 26 cm; range: 6C75 cm) 
bedding wedging and scoured 
BIOGENIC none ooserved 
SEDIMENTARY 
STRUCTURES 
FRESH MAJOR: light red, moderate red 
COLORS 
WEATHERED 
COLORS 
OTl-£R 
FEATUlES 
MINOR: pale yellowish orange 
MAJOR: moderate reddish orange L 
moderate reddish brol,fl, moderate 
red 
MINOR: light brol,fl 
c001mon mold of shale lithoclast ; 
muscovite-bearing in part 
Silt-shal e (minor) 
cla y to very fine sand 
MAJOR: wavy7Q~ral1el laminae, nu 
cros s strat1f1cat1on 
none ooserved 
similar to sandstone 
similar to sandstone 
rruscovite - rich ; present as lenses 
Table 11. Continued. 
1 present at the Ellery Creek, Goyder Pass West, and Haast Bluff sect ions 
2 present at the Ellery Creek, Stokes Pass, and Haast Bluff sections 
3 present at the Goyder Pass West section 
4 oolitic at the Ellery Creek and Haast Bluff sections 
5 primarily orthoconglanerate at the Ellery Creek sectio n and conglaneratic sandstone at the Glen Helen East sectio n 
6 largest clast size is 23 nm at the Ellery Creek section, and IO rnn at the Glen Helen East section 
7 present at the Glen Helen East section 
8 largest diameters (nm) re<;orded at ea~h section were 27 (Ellery Creek), 21 (Glen Helen East), 13 (Goyder Pass West), 20 (Stokes Pass East), 
15 (Stokes Pass), and 28 (Haast BluffJ. 
9 Furious cross stratification is call11on at the Goyder Pass West, Stokes Pass, and Haast Bluff sections, while parting lineations on forset 
surfaces of dunes are canmon at the Stokes Pass section. 
lO present at the Ellery Creek and Goyder Pass \lest sections 
11 present at the Stokes Pass East section 
12 GeneraJly coarsening-upward intervals (may contain internal finlng-u11~1ard cycles) were noted at all sections except Goyder Pass; they are 
ca11110n y capped by conglaneratic sandstone and are overlain by lithofacies Zb or 3a. 
13 probably equivalent to lithofacies 2c at the Stokes Pass section; pres en t at the Stokes Pass East section as one bed 9 an thick and at the 
Haast Bluff section as discontinuous lenses 0. 5 m thick and several hundred meters long 
14 largest _diameters (nm) recorded at each section were 33 (Sto kes Pass East), 20 (Haast Bluff), and 35 (Stokes Pass) 
15 not present at the Stokes Pass, Stokes Pass East, Goyder Pass, and Glen Helen West sections 
16 present at the Ellery Creek and Glen Helen East sections 
17 probably equivalent to conglaneratic sandstone In lithofacies 2b at the Haast Bluff and Stokes Pass East sections 
18 present at the Haast Bluff section 
19 Phycoces pedi.nn Is present at the Ellery Creek section. Monanorphichnus is present at the Glen Helen West section . 
20 present at the Glen Helen West section at the top of Unit L 
21 present at the Haast Bluff section at the top of Unit H; Skol lthos is present within Unit J at Haast bluff 
22 present at the Glen Helen \lest section 
,_. 
----.J 
0 
Table 12. Thicknees (in meters) of Arumbera Sandstone, northern 
Amadeus Basin. 
IJ.JIIR um l um 2 um 3 LNIT 4 
STMTlffi'lllllC SECTIOI LYI~ 
CR WELL Wit LNIT cgl la lb le Id total 2a 3> 2x 2c total 3a l:, total 4a 4b 
PlffSIOOW'HIC AAf.A: PHILLIPSOO TmJST *ET (Oaks, l~) 
Walkibout Pup --- --- --- --- 56 56 9 63* --- 20* 92 --- --- 28 --- ---
(ffi t,t. ~achy Pup --- --- 4 --- 40 44 38 81 --- --- 119 --- --- 41 --- ---
Billiborg Bore \.est Pup --- --- --- --- 72 72 38 m* --- 17* 166 --- --- 29 --- -- -
Bill ibong llore East Pup --- --- 9 --- 47 56 18 64 --- 24 106 --- --- 35 --- ---
Blcxxh.ood Pup 24 91 -- -- --- 115 29 -- -- 81 110 -- --- 36 -- ---
IJ,1R ~ Well Pup 38 lot --- --- --- 142 74 --- --- !ll 172 --- --- 113 --- ---
Dingo Ill well Puj 15 43 --- -- --- 58 59 - - --- 63 122 -- --- 49 -- ---
Di fl:JO 112 well Puj --- --- --- --- --- 88 58 40 --- --- !ll --- --- 85 --- ---
Orange 112 well Puj 
--- --- --- -- --- 123 55 64 -- --- 119 -- --- 123 --- ---
OJraninma Ill well Puj 157 76? --- --- --- 91 88 --- --- 109 197 --- --- 243 65 45 
\.lalliby NI well Puj 
--- --- --- -- --- 75 ffi -- -- ll7 203 --- --- I~ -- --
Watertouse 112 well Puj --- --- --- --- --- 118 58 41 --- --- 99 --- --- 127 --- ---
Al ice Ill wel 1 ti) 
--- --- --- --- --- --- --- --- --- --- --- --- --- >JO --- ---
Colleen diJn 1£ of Puj 
--- --- --- -- --- 152 --- --- --- --- zro --- --- 163 --- ---
,lln:tlon bore 
8-ll W Todd River Puj 
--- --- --- --- --- 171 --- -- --- --- 256 -- --- 188 68 75 
anticline 
E Todd River illtlcline l\rj --- --- --- --- --- 140 94 123 --- 78 295 --- --- 255 51 ro 
l{;eecha bore Puj 
--- --- --- --- --- 164 77 405 --- 47 529 --- --- 334 60 36 
llruruy antic 1 ine l\rj 
--- --- --- --- --- l~ 85 228 -- 64 377 --- --- 207 56 39 
TITTAL 0'11:.R-
TillCKl£SS LYHG 
total IN ~£TERS LtJIT 
--- 176 Cl 
--- 204 Cl 
--- 267 Cl 
--- 197 Cl 
--- 261 Cl 
--- 427 Cl 
69 ~ Ctr 
9 200 Ctr 
22 387 Ctr 
110 641 Ctr 
78 458 Ctr 
JO 354 Ctr 
59 >69 Ctr 
~ 673 Ctr 
143 758 Ctr 
lll 001 Ctr 
96 ll23 Ctr 
95 ffi9 Ctr 
Table 12. Continued. 
LNIIR- um 1 LNIT 2 LNIT 3 LNIT 4 TOTAL OVER-
STATIGMPHIC S£CTICJI LYI~ THICK,£SS LYI~ 
rn WELL tW"1E LNIT cgl la lb le ld mt:il 2a 2b 2x 2c tot:! 1 3a ]) tot:! 1 4a 4b tot:i 1 IN 1-£1ERS LNIT 
Salt syrd fne Puj --- --- --- --- --- 301 111 151 --- 69 331 --- --- 100 51 21 72 864 Ctr 
Allarbarfnga Pange Puj 
--- --- --- --- --- 172 58 124 --- 46 228 -- --- l!Q 57 33 CJ) 672 Ctr 
Phfll f pson #1 bore, N Puj 
--- --- --- --- --- 170 67 81 --- 35 18.3 --- --- 193 50 43 93 639 Ctr 
n «Ylk Teresa antfcl fne 
[ of Wallit>y (Larrier) Puj 
--- --- --- --- --- 67 >136 -- --- 78 >214 --- --- 95 62 >53 >115 >491 Cl l 
GJp 
PHYSIOOW'HIC MEA: (?)PHILLIPSOO TIRUST 9-HT (Oaks, 1~) 
MJSQ.Ji to Pange W of Puj --- --- --- --- --- >167 152 131 110 >168 >461 
-- ---
F 
-- ---
F >637; >CUI+ F 
Ol)'f1Jk bore 
Fergusson Pange W of Puj 
--- --- --- --- --- 213 75 -- >167 F >242 --- --- >173 --- --- 94 >722 Ctr 
Allua bore 
[ of Allllil bore, Puj 
--- --- --- --- --- 93 >69 t,t,1 t,1,1 t,t,1 >69 -- --- t,t,1 --- -- t,t,1 >162 Ctr 
partial section 
PHYSIOOW'HIC MEA: ( 7 )/IJ.lTCXlfllm (Oaks, l~) 
--
Bl l£'bush #1 ~11 Puj --- --- --- --- --- 97 - - --- --- --- --- --- -- --- -- -- --- 97 Cl 
IHl Hale River Puj 
--- --- --- -- -- 131 218 7 --- 69 287 --- --- >66 --- --- F? >484 Ctr 
(Hi Jinx bore) 
[ of Centenary dan Puj 
--- --- --- -- --- 269- >49 F 
-- ---
>49 --- --- --- --- --- --- >321- Pzb 
(SW of Casey bore) 314 >389 
SE of N.mnery tonestead Puj 
--- --- --- --- ---
97 158 -- --- -- 158 --- -- 117 --- --- >56 >428 t,tJ 
t£ of Old ltmnef)' Puj 
--- --- --- --- -- 217 >9 --- --- t,t,1 >9 --- --- F --- --- F >226 Fault 
S nank of Teresa 1\4> --- --- --- --- --- >56 34 -- --- 22 56 --- -- 13-47 --- --- 52-82 >211 Cl 
anticline 
OJt lier W of lllill i pson 1\4> --- --- --- --- --- >38 58 -- --- >:ll >00 --- --- F? --- --- --- >126 Fault 
Creek (1-M of Allatbf) 
l'fltfcl fne S of Allmf 1\4> --- --- --- --- --- 183 23 -- --- >93 >116 -- --- 9 --- --- >15 >323 Fault (Cl?) 
[ Alla,hf Hflls, 1\4> --- --- --- --- --- 8.3 61 --- --- 71 132 --- --- 41 --- --- 62 318 Fault 
Micklle Ridge (Cl?) 
[ Allart,i Hflls, 1\4> 12 61 --- --- --- 73 7(1 --- --- 31 101 --- --- 22 --- --- 36-74 232- Fault 
N Ridge 270 (Cl?) 
Table 12. Continued. 
ltUR- um l lNIT 2 
STAATlffil\mJC SECTIOO LYI~ 
ffi WEU.. ~£ lNIT cgl la lb le ld total 2a ai 2x 
PlfYSlCX'lWHIC AAEA: N'IWlA lm.JST 9££T (Oaks, 1~) 
NE of lhloolya Gap Puj --- --- --- --- --- 20i -- -- ---
llR Will iclllS bore Paj --- --- --- --- --- 217 --- --- ---
!Ml ~ss Rivl'r Puj 
--- --- --- --- --- 125 -- --- ---
Shanron bore Puj 
--- --- --- ---
--- 109 --- --- ---
lffi Gaylad Puj 
--- --- --- -- --- 149 --- --- ---
Purple Rarge S4 of Puj 
--- --- --- --- --- 256 101 152 >220 
RingWX>d 
MSIOCIW1-IIC AAEA: JMS IW«S 
-----
Finke #1 well ?Pua --- --- --- -- --- 24 --- --- ---
?N> 
Janes Pange 'A' n ?Pua --- --- --- --- --- 59 -- --- --
well ?N> 
Tidewale (Jares NE -- --- --- --- --- >10 48 -- --
Rarge 'B' aitfcllne 
fllYSIOOWlllC AAEA: GIIJ{)JNER IWa: 
\.est Gardinl'r Range 1\4) --- 12 -- 11 105 128 62* 113* ---
Missirnary View Pup --- 28 --- 7 127 162 92* 148* ---
lffi 11..R-2 Puj -- --- --- --- --- 7 --- --- ---
Katapata Gap Puj 
--- 122 9 17 92 240 59* 124* ---
Pine futnt Puj 
--- 129 12 10 ffi 217 11* 9/ ---
IJR l~R-3 Pup --- --- --- --- --- 7 --- --- ---
/lreyonga 1\4) --- --- --- 9 !':Q 59 15 12 --
Pattalindana Gap Pup --- 13 --- 11 85 109 21* 120* ---
lNIT 3 
2c total 3a l> total 4a 
--- lW --- --- la5 --
--- 136 --- --- ll3 66 
--- rn --- --- 43 34 
--- !OJ --- --- 87 29 
--- 188 -- --- 89 54 
F >473 --- --- >53 ---
--- --- --- --- --- ---
--- 63 -- --- -- ---
-- 48 --- --- --- ---
--
175 --- --- --- ---
--- 230 --- --- --- ---
--- ? --- --- --- ---
--- 183 --- --- --- ---
--- Jill --- --- --- ---
--- 7 --- --- --- ---
--- 27 --- --- --- ---
--- 141 --- --- --- ---
lNIT 4 
4b total 
-- 121 
18 84 
37 71 
76 105 
36 ~ 
--- 114 
--- ---
--- ---
--- ---
--- ---
--- ---
--- ---
--- ---
--- ---
--- ---
--- ---
--- ---
TOT/IL 
TillCKNESS 
IN ~urns 
5g3 
5!':D 
374 
410 
516 
>{Di 
24 
122 
120 
:m 
392 
312 
423 
320 
100 
flj 
2~ 
ovrn-
LYltl:; 
lNIT 
Ctr 
Ctr 
Ctr 
Ctr 
Ctr 
Ctr 
Cl 
Cl 
Cl 
Cl 
Cl 
Cl 
Cl 
Cl 
Cl 
Cl 
Cl 
,_. 
-.J 
w 
Table 12. Continued 
UUR- um 1 
STRATl~RilC SEI:TIOO LYI~ 
ffi WEU. NIH: um cgl la lb le Id tntdl 
NaMtjiras Pup --- 10 --- 11 65 ffi 
East Jolmy Creek 11 I\Je -- --- --- --- -- 21 
1-.ell 
Mt. Winter #11<.ell I\Je -- --- --- --- --- 73 
Pl IY SI OOW'H IC MA: loESTERN WilOJELL IWll 
--
Greenhill born 1~ 
llaast Bluff Pup 
Stokes Pass ~ 
Stnkes Pass East Pup 
wyder Pass ~st 1\4) 
wyder Pass Pup 
Glen lelen ~st f\<l 
Glffl llelen East Pu.I 
EH ery Creek Pu.I 
Jay Creek Pu.I 
Valley dan (Laura f\<l 
Creek) 
Pzb = Bre..er Cooglonerate 
~u = Oe ~za Sandstone 
C:C = Cleland Sandstone 
01 = luJ11 River Shale 
1-1-1 = ttlt lll&ISUred 
---
---
---
---
---
---
---
---
---
---
---
--- -- -- -- 1 
213 --- --- -- 213 
189 --
-- --
145.5 --- --- --
161 -- -- ---
129 --- -- --
103.5 -- --- ---
. 168.5 --- 0.5 ---
l'll.9 -- 0.6 --
166 -- --- --
143 -- --- ---
Cl = Chandler Fonnation 
Ctr= To:ld River DJlanlte 
f\<l= Jul le Fonnatton 
Pup= Pertdtdtaka Shale 
189 
145.5 
161 
129 
lffi.5 
169.5 
1!1.l.5 
166 
143 
um 2 um 3 Ltm 4 
2a 2b 2x 2c totdl 3a 3> total 4a 4b 
el oo* --- --- --- --- --- --- --- ---
-- -- -- -- -- -- -- -- -- --
-- -- -- --- --- -- -- --- -- ---
--- -- -- --
>lffi 
-- --
>235 
-- --
200* 133* ---
-- 333 5~* 149* 739 ax; ---
219* 137* --- u* '!fJ7 n:i* 64* '!fJ4 -- ---
u1* 1~.5*--
--- ~7.5 2r:1:/ 43* 293 --- ---
400* 155* ---
--
563 -- --- --- -- ---
>f/j* 103* ---
--
>169 --- --- --- --- ---
ffi.5* 17* __ 
--- lffi. 5 ff/ 29.5* 95.5 -- ---
92* u:i.5*--
--
222.5 --- --- --- --- ---
'!fJ* 72* ---
---
100 40.5 7.5 48 
-- ---
22* 101 * ---
--- 123 220 --- 220 --- --
62 88 -- 46 l'li 95 -- 95 -- ---
f\Jcl= Are)OO'Ja Fonnatlon 
Ni= Bitter Sprlrgs Fonnatioo 
I\Je= LO'les Creek 1-'Blber of tte Bitter Springs Urrestone 
t.[ = ttJ t exix>sed 
+ = Estimate 
* Jntertongsl; eq.ial s cUTUl ative thickness of litlofacles 
F = Faulted conta:t 
TOTAL O~-
THJCK/£SS LYlt-li 
tntal INl£ERS um 
--- 250 Cl 
-- 21 Ct 
--- 73 Ct 
271 >506 ?C:C 
2IXi 1491 c:c 
--
920 Ch 
---
746 Qi 
--- 724 Ch 
--- >297 ?Di 
--- ~.5 Ch 
--- 391.5 Cl 
--- 355.5 Cl 
--- 509 Cl 
18 452 Cl 
Appendix I 
Cummulative-Frequency Probability Curves 
and 
Weight-Frequency Curves 
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Curve type 2 
Thin section 5-30, l ithofacies 2b 
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Curve type 2 
Thin section 5-35, lithofacies 2b 
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Curve type 2 
Thin section 5-56, lithofacies 3b 
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Curve type 3 
Thin section 5-62, 1 ithofacies 3a 
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Appendix D 
Plates 
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Plate 2. Photomicrograph of thin section 5-35, 
li t hofacies 2b. Note grain-to-grain contacts at which 
hematite dust rims are absent (G), relict (?)dolomite rhombs 
which contain partially leached kaolinite (0), seconda ry 
poro s i ty ( P), and partially dissolved kaolinite (K). 
Plat e 3. Photomicrograph of thin section 5-59, 
lith ofacies 3a. Note deformed mudrock fragment (M), and 
over -siz e d se condary pore (P), which postdates kaolinit e 
rep l aceme nt (K). 
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Plate 4. Photomicrograph of thin section 1-8, 
li thofacies le. Note syntaxial feldspar overgrowths ( 0 ) on 
orthoclase grains. 
Pl ate 5. Photomicrograph of thin section 5-35, 
l itho facies 2b. Note two phases of hematite cement (H) 
separa t ed by a phase of quartz cement (Q). 
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Plate 6. Photomicrograph of thin section 1-16, 
lithofacies 2a. Note relict (?)dolomite rhomb now leached 
to form secondary porosity (P). 
Plate 7. Photomicrograph of thin section 1-8, 
lithofacies le. Note relict ooids (0) and cubic-shaped 
relicts of (?)halite (H) in chert grain. 
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Appendix f 
Measured Stratigraphic Sections 
Cc: Cl el and Sandstone 
Cs: Shannon Formation 
Ch: Hugh River Shale 
Cl : Chandler Formation 
Key to 
Grapli,c-Cogs 
Formations 
P-Ca: 
Pup: 
Puj: 
Arumbera Sandstone 
Pertatataka Shale 
Julie Formation 
Rock Characteristics 
1. Pi and omi kron cross-stratification 
2. Alpha, beta, and gamma cross-stratification 
3. Xi cross-stratification 
4. Planar-parallel laminae 
5. Nu and mu cross-stratification 
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6. Lambda and kappa cross-stratification Column Key 
7. Oscillation ripples common rare 
8. Herringbone cross-stratification 
9. Mud interlaminated with sand (muddy drapes) 
10. Clay partings 
11. Lenticular sedimentary body 
12 . Load defonnati on 
13 . Liesegang banding 
14. Lithoclasts of shale and other rock fragments 
15. Shrinkage cracks 
16. Glauconite 
17. Micas 
18. Carbonate cement 
19. Trace fossils 
20. Heavy-mineral concentrations 
D sandstone 
[lli] conglomeratic sandstone 
conglomerate 
-
r-:==l sandstone with minor t..:J shale interbeds 
~ subequal proportions of 
~sandstone and shale 
Dcovered 
ff-=1 siltstone 
I I shale 
~ chert 
~ dolostone 
m 1 imestone 
!I] pa rti a 1 cover 
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STRATIGRAPH SECTION 1 
ELLERY CREEK 
Location : Approximately 85 km west of Alice Springs, 
Northern Territory, Australia. Traverse situated 
approximately 200 m west of Ellery Creek. Located 
on the Hermannsburg 1:250,000 geologic map at 
coordinates 610,600 yards east and 2,034,500 
yards north. 
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Measured by: Lonn P. Hamp, Peter Kotz, and Robert Q. Oaks, Jr. 
Taped. 20-26 June 1983. 
Thickness 
in meters 
Goyder Formation 
Contact picked on aerial photographs; present topographically 
above toe of north-sloping pediment surface, and is marked 
laterally by an abrupt tone change (darker below and light er 
dbove). Corresponds to contact picked by R. Q. Oaks Jr. at 
the base of the lowest friable red sandstone. 
Shannon Formation 
Unit 2 
1. Carbonate rock and shale. Carbonate rock: 
medium algal domes; onclites; branched, 
radiating algal stromatol ites; thrombol ites; 
weathers light gray, gray, yellow and 
bluish gray; shale dominates at base and 
at top; unit forms low-lying strike ridge; 
thickness calculated from aerial photographs .• 276.0 
Contact picked where carbonate rock comprises approximately 
25 percent of outcrops above and less than 5 percent below; 
present near base of north side of strike ridge. Aerial 
photographs show closely spaced bedsets of carbonate rock 
above the contact and lighter weathering tones below. 
The sequence and types of carbonate rock above the contact 
closely resemble those in the basal portion of subunit 2 at 
Ulta Bank Creek measured by R.Q. Oaks Jr. 
Unit 1 
1. Silt-shale and siltstone with minor 
interbeds of dolostone. Mudrocks: Clay to 
very fine sand; mica-bearing; locally 
calcareous; very thin laminae; planar-parallel 
1 aminae; medium-angle bottom-tangent cross 
laminae; nu cross stratification; very thin to 
thin beds; dark reddish brown (lOR 3/4) and 
moderate red (SR 4/4); weathers dark reddish 
brown (lOR 3/4) and moderate reddish brown 
(lOR 4/4). Dolostone: micritic- to 
fine-crystalline; calcareous; very thin 
laminae (1-2 mm); wavy-parallel laminae; 
medium-angle bottom-tangent cross laminae; 
nu cross stratification; laterally-linked algal 
domes 6-33 cm wide with synoptic reliefs of 
3-4 cm; very thin to thick beds (2-55 cm); 
bedding parallel ; contains moderate gray (N 4) 
and moderate reddish orange (lOR 6/6) lenticular 
chert nodules 5-25 cm long only near base; 
light to moderate olive gray (SY 7/1, SY 5/1) 
and light gray (N 7); weathers yellowish gray 
(SY 7/2), pale yellowish brown (lOYR 7/2) and 
very light gray (N 8). Recessive, forms a 
mostly covered strike valley with minor 
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dolostone outcrops ...•••..•. • •........•••.•.•. 402.0 
Total thickness of Shannon Fonna ti on ................... 678. O 
Contact Sharp, disconformable. 
Chandler Formation 
1. Dolostone and Chert. Dolostone: very 
fine- to fine-crystalline; calcareous; 
intraclasts; very thin (<1-3 mm) laminae; 
thin to medium beds (8-16 cm); moderate 
gray (N 5) and light olive (SY 6/1); 
weathers grayish yellow (SY 7/4) and 
yellowish gray (SY 7/2). Chert: forms 
dark gray (N 4), discontinuous stringers 
within dolostone. Beds are intensely folded 
at base ........................................ 11.0 
Total thickness of Chandler Formation ••...•••..•.••••••. 11.0 
Contact sharp, disconformable. 
Arumbera Sandstone 
Unit I (lithofacies 3b) 
2. Sandstone: bimodal grain size: coarse-
to very coarse-grained quartz grains with 
fine- to medium-grained feldspar grains; 
poorly sorted; fair to good porosity; 
friable; very thin laminae (<1-2 mm); 
wavy-parallel laminae; medium-angle 
bottom-tangent (erosional) cross laminae; 
nu cross stratification; very thin to thin 
beds (1-7 cm); very pale orange (l0YR 8/2) 
and very light gray (N 8); weathers pale 
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yellowish orange (l0YR 7/6) ........•.••.•...... 2.0 
Contact sharp. 
1. Quartzite: fine- to medium-grained; well 
sorted; low porosity; heavy minerals concentrated 
in laminae; trace of glauconite; very thin to 
thin (2-6 mm) high- and medium-angle 
bottom-tangent (erosional) cross laminae; 
pi cross stratification; thin to medium beds 
(average: 25 cm; range: 6-81 cm); bedding 
wedging and scoured; rare malachite and azurite 
surface coatings; pale red (SR 7/6); weathers 
grayish pinkish orange (SYR 8/2) and light 
b ro wn ( 5 Y R 7 / 4 ) ; fo rm s sm a 1 1 c 1 i ff . . . . • . . . . . . . . . 5 • 5 
Total thickness of Unit I. ............................... 7. 5 
Contact sharp. 
Unit H (lithofacies 3a) 
2. Sandstone: very fine to medium sand with 
scattered well rounded coarse grains; 
moderately well sorted; low porosity; 
silica and carbonate cement; shale-lithoclast 
molds; glauconite- and mica-bearing; 
planar-parallel laminae; medium-angle 
bottom-tangent cross laminae; sets of nu 
cross stratification interbedded with sets of 
planar-parallel laminae; very thin to thin 
beds (average: 4 cm; range: 0.5-8 cm); 
shrinkage cracks; branching horizontal 
burrows; Phycodes pedum; pale red (SR 5/2) 
and pale reddish purple (5RP 6/2); weathers 
pale brown (5YR 5/2) and pale purple (5P 7/2); 
recessive 
Contact sharp. 
1. Sandstone: very fine to very coarse 
sand; mostly medium- to coarse-grained; 
moderately sorted; good porosity; silica 
and carbonate cement; glauconite- and 
mica-bearing; very thin to thin laminae 
(1-4 mm); medium-angle bottom-tangent 
(erosional) cross laminae; pi and nu cross 
stratification; thin to medium beds 
(average : 8 cm; range: 3-20 cm); pale 
reddish brown (l0R 5/4); weathers pale 
reddish brown (l0R 6/4) and medium gray 
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7.5 
(N 5); friable, partial cover................. 3.0 
Total thickness of Unit H ..•.•••....•.••••..•...•.•.... 10.5 
Contact covered; picked at top of highest moderate reddish 
brown sandstone outcrop of finer grain size. 
Unit G (lithofacies 3a) 
1. Sandstone, siltstone, and mud-shale. 
Sandstone: very fine- to medium-grained 
well sorted; good porosity; silica cement; 
mica-bearing; very thin laminae (<1-2 mm); 
planar-parallel laminae; high- and medium-angle 
bottom-tangent (erosional, nonerosional) 
cross laminae; nu, alpha, and pi cross 
stratification; very thin to thin beds 
(average: 11 cm; range: 2-48 cm); wavy 
bedding; pale reddish brown (l0R 5/4); 
weathers moderate reddish brown (l0R 5/6). 
Siltstone: mica-bearing; nu cross 
stratification moderate reddish brown 
(l0R 4/4); weathers red grayish pink (5R 8/2). 
Mud-shale: mica-bearing; moderate reddish 
brown (l0R 4/4) and minor pale green (5G 7/2). 
Mudrocks covered; form nearly flat steps 
between sandstone outcrops on dipslope. 
Unit contains two fining-upward sequences ••.•.• 30.0 
Total thickness of Unit 3 •.••...•••••...•....•..••.••.•. 48.0 
Contact sharp. 
Unit F (lithofacies 2a) 
1. Sandstone: fine- to medium-grained; very 
well sorted; low porosity; silica cement; 
shale-lithoclast molds; heavy minerals 
concentrated in laminae; very thin to thin 
1 aminae { <1-2 mm); pl anar-paral 1 el 1 aminae; 
medium-angle bottom-tangent and low-angle-planar 
cross laminae; pi and minor alpha, xi and 
lambda cross stratification; medium to thick 
beds {average: 57 cm; rang~: 18-125 cm); 
bedding wedging and scoured; overall, bed 
thickness and grain size increase upward; 
Liesegang banding; moderate reddish brown 
{lOR 4/4); weathers moderate reddish orange 
{lOR 6/6); unit is laterally discontinuous; 
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forms crest and cliff of strike ridge ......•.. 12.0 
Contact covered; picked at highest thin-bedded, moderate 
reddish brown sandstone outcrop. 
Unit E {lithofacies 2b) 
2. Sandstone with minor interbeds of silt-shale 
and mud-shale. Sandstone: silt to medium 
sand; mostly fine-grained; moderate to well 
sorted; low to good porosity; silica and 
carbonate cement; mica-bearing; heavy minerals 
concentrated in laminae; very thin to thin 
laminae {<1-4 mm); planar-parallel and 
wavy-parallel laminae; clay partings; 
medium-angle bottom-tangent and low-angle-planar 
cross laminae; xi, omikron, and nu cross 
stratification; minor scours; very thin to 
medium beds {average: 9 cm; range: 1-22 cm); 
bedding parallel ; rare convolute beds, and 
sand volcanos; flute casts; Liesegang banding; 
pale reddish brown {lOR 5/4) and pale grayish 
red (5R 5/2); weathers moderate reddish 
brown {lOR 4/4). Shale: mica-bearing; 
calcareous; grayish pink (lOR 4/2), moderate 
reddish brown (lOR 4/4) and minor pale 
green {5G 7/2); weathers pinkish gray 
(SYR 8/1) and red grayish pink {SR 8/2). 
Recessive; forms scarp slope with talus 
cover at toe ................................... 46.0 
Contact covered; may be gradational through 10-15 meters; 
picked at base of lowest sandstone outcrop. 
1. Covered interval. Mud-shale and sandstone. 
Mud-shale: mica-bearing; very thin 
wavy-parallel laminae; very thin beds; dark 
reddish brown {l0R 3/4) and minor greenish 
gray (SGY 6/1). Sandstone: very fine- to 
fine-grained; very fine and fine sand are 
separated into alternating laminae; moderately 
sorted; fair to good porosity; silica cement; 
very thin to thin (<1-4 mm) laminae; 
medium-angle bottom-tangent (erosional) cross 
laminae; omikron cross stratification; 
thin beds {4-8 cm); moderate reddish orange 
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(l0R 5/6) and pale reddish brown {l0R 5/4). 
Recessive , forms saddle between strike ridges .. 26.0 
Total thickness of Unit E ..........•.........•.•.•.•.•.. 72.0 
Contact sharp. 
Unit D (lithofa c ies 2a) 
1. Sandstone and conglomeratic sandstone. 
Sandstone: very fine to very coarse sand; 
mostly fine- to medium-grained at the base 
and very fine- to fine-grained at the top; 
moderately well to well sorted; low to fair 
porosity; silica cement; shale-lithoclast 
molds; trace of micas; very thin laminae 
(1-3 mm); planar-parallel laminae only at 
top; high-angle bottom-tangent (erosional) 
cross 1 aminae; pi, omikron and nu cross 
stratification; medium beds 
(average: 20 cm; range: 11-30 cm); bedding 
wedging and scoured; Liesegang banding; 
pale grayish red (SR 5/2), pale reddish 
brown (l0R 4/4) and pale reddish purple 
(SRP 5/2); weathers moderate reddish brown 
(l0R 5/6) and pale reddish brown (l0R 5/4). 
Conglomeratic sandstone: very fine- to 
medium-grained groundmass with 10-15% 
granules and pebbles (<5 rrm); poorly sorted; 
low to fair porosity; resistant, forms crest 
of strike ridge ................................ 12.0 
Contact sharp. 
Unit C (lithofacies 2a) 
1. Sandstone with minor mudstone. Sandstone: 
silt to medium sand; mostly very fine- to 
fine-grained; moderate to well sorted; 
low to fair porosity; silica cement; mica-
bearing; micas concentrated on partings; very 
thin laminae (1-3 mm); planar-parallel 
laminae; high- and medium-angle bottom-
tangent (erosional and gradational) cross 
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1 ami nae; pi , nu, and kappa cross strati fi cation; 
very thin to medium beds (average: 8 cm; 
range : 1.5-26 cm); grain size and bed 
thickness decreases upward. Mudstone: 
mica-bearing; dark reddish brown (!OR 5/4); 
weathers moderate reddish brown (l0R 4/6); 
present as interbeds within sandstone only 
at top. Recessive, fonns small saddle ......••.. 5.0 
Contact sharp. 
Unit B (lithofacies 2a) 
1. Sandstone and conglomeratic sandstone. 
Sandstone : silt to very coarse sand; 
mostly fine - to medium-grained; grain size 
decreases upward; low to fair porosity; 
silica cement; shale-lithoclast molds; trace 
of micas; very thin to thin laminae (1-4 mm); 
high- and medium-angle bottom-tangent 
(erosional) cross laminae; pi and omikron 
cross stratification; medium beds 
(average: 19 cm; range: 13-23 cm); bedding 
wedging and scoured; minor soft-sediment 
deformation; pale reddish purple (5RP 5/2); 
weathers pale reddish brown (l0R 5/4) and 
moderate reddish orange (l0R 6/6). 
Conglomeratic sandstone: very fine to coarse 
groundmass with 5-10% granules and pebbles 
(<27 mm); fair to good porosity; very thin 
to thin laminae (2-6 mm); pi and omikron cross 
stratification; weathers pale brown (5YR 5/2); 
present at middle of unit. Resistant, fonns 
small crest of strike ridge •••••..••.•.••••••• 
Total thickness of Unit 2 .•••.•••.•.••••••.•.••..•.•••• 
Con tact sharp. 
Unit A (lithofacies la) 
3. Siltstone and silt-shale with interbeds of 
7.0 
108.0 
sandstone. Siltstone: silt to very fine-
sand; low to good porosity; mica-bearing; 
calcareous; very thin laminae (1-2 mm); 
wavy-parallel laminae; medium-angle 
bottom-tangent cross laminae; nu cross 
stratification; very thin beds 
(average: 2 cm; range: 1-3 cm); pale grayish 
red (l0R 5/2) and moderate reddish brown 
(l0R 5/2); weathers moderate reddish brown 
(l0R 5/6) and pale reddish brown (l0R 5/4). 
Silt-shale: clay to very fine sand; 
mica-bearing; calcareous; very thin laminae 
(<1-2 mm); nu cross stratification; very 
thin beds; pale reddish brown (l0R 5/4); 
weathers gray pinkish orange (l0R 8/2). 
Sandstone: silt to coarse sand; mostly 
very fine- to fine-grained; moderately well 
sorted; 1 ow to good porosity; silica and 
carbonate cement; mica- and glauconite-
bearing; very thin to thin laminae (2-5 mm); 
planar-parallel laminae; medium-angle 
bottom-tangent (erosional) cross laminae; nu 
and minor pi cross stratification ; medium 
beds (range: 12-15 cm); minor soft - sediment 
deformation . pale reddish purple (5RP 5/2) , 
mode~ate reddish brown (10R 4/4); weathers 
grayish red (SR 4/2) and moderate reddish 
brown (l0R 4/6). Sandstone intervals range 
from 0.1 to 2 m thick; mudrock intervals range 
from 1.2 to 4 m thick. Forms moderate slope 
with small sandstones 1 edges separated by 
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steps of partially covered mudrock .•.••.......• 29.4 
Contact sharp. 
(lithofacies le) 
2. Conglomeratic sandstone and conglomerate: 
very fine to very coarsegrounmass with 15 to 
50% granules and pebbles (five largest clasts: 
23, 20, 19, 14, 14, mm); poo~y sorted; low 
porosity; silica cement; very thin to thin 
laminae (1-7 mm); medium-angle bottom-tangent 
(erosional) cross laminae; pi cross 
stratification; medium beds 
(average: 11 cm; range: 9-12 cm); grayish red 
(SR 4/2); weathers grayish red (l0R 4/2); 
moderately resistant, forms small ledge ••••••.• 0.6 
Contact sharp and wavy. 
1. Sandstone, siltstone, mud-shale, and minor 
dolostone. Sandstone: silt to coarse 
sand; mostly very fine- to fine-grained; 
moderate to well sorted; fair to good porosity; 
silica and local carbonate cement; locally 
glauconite-bearing; mica-bearing; shale-lithoclast 
molds up to 10 mm long; very thin to thin 
1 aminae ( <1-5 mm); planar-parallel, planar-
nonparallel, and wavy-parallel laminae; 
high- and medium-angle bottom-tangent and 
low- angle - planar cross laminae; alpha, pi, 
omikron, xi, and nu cross stratification; 
very thin to thick beds (average: 11 cm; 
range: 1-60 cm); bedding parallel, wedging 
to scoured; Liesegang banding; minor 
load casts; pale red (5R 6/2), grayish red 
(lOR 4/2), moderate reddish brown (SR 4/4) 
and pale brown (5YR 5/4); weathers grayish 
red (5R 4/2, lOR 4/2), moderate red 
(lOR 4/4, 5R 5/2), pale reddish brown 
(lOR 5/4), and moderate reddish brown (lOR 4/6) . 
Mudrock: clay to very fine sand ; very thin 
laminae (<1-2 mm); wavy-parallel laminae; 
medium-angle bottom-tangent cross laminae; 
nu cross stratification; pale red (lOR 5/2) 
and pale reddish brown (lOR 5/4). 
Dolostone; micritic to very fine-crystalline; 
clayey; ooids (2.5-1.5 phi) with very fine to 
fine sand and rare hematite cores; ooids rarely 
contain concentric hematite bands; low porosity; 
muscovite concentrated on stylolytes; very thin 
laminae (<1-1 mm); high- and medium-angle 
bottom- tangent (erosional) cross laminae; 
nu cross stratification; thin beds ( 7 cm); 
pale red (5R 6/2); weathers moderate 
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yellowish brown (lOYR 5/4); poorly exposed. 
Recessive, partially covered .•.•...•.........• 169.5 
Total thickness of Unit 1 .•.•••.•••.••...•.••......•..• 199.5 
Tot al th i c kn es s of Arum be r a Sandstone.................. 3 5 5. 6 
Contact sharp 
Julie Formation 
Subunit 2 
1. Dolostone and sandstone. Dolostone: micritic 
to very fine-crystalline; algal domes up to 
5 cm wide with 3 cm of synoptic relief; thin 
beds; bedding parallel; minor, very fissile, 
silty limestone; yellowish gray (5GY 7/3); 
weathers light greenish gray (5GY 7/1). 
Sandstone: very fine- to fine-grained; 
well sorted; low porosity; silica and 
carbonate cement; very thin to thin laminae 
(2-5 mm); medium-angle bottom-tangent cross 
laminae; pi cross stratification; thin beds 
(2-10 cm); grayish orange pink (5YR 7/2); 
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weathers light brown (5YR 5/4). Recessive...... 9.0 
Total thickness of upper tongue of Julie Formation....... 9.0 
Contact sharp. 
Pertatataka Formation 
1. Mud stone with minor interbeds of silty 
limestone and siltstone. Mudstone: 
mica-bearing; very thin laminae (<l-3 mm); 
wavy-parallel and planar-parallel laminae; 
thin to medium beds (3-25 cm); surface 
exposures fissile; grayish red (l0R 4/2) 
and minor pale green (l0G 8/1); weathers 
pale reddish brown (l0R 5/4). Limestone: 
very fine-crystalline; silty; v·ery thin to 
thin laminae (1-4 mm); wavy-parallel laminae; 
very thin beds (1-4 cm); moderate orange pink 
(l0R 7/4). Siltstone: calcareous; mica-bearing; 
thin beds; pale reddish brown (l0R 6/4). 
Recessive, forms a mostly covered strike 
valley .•..............•........•...•.......... 118.0 
Total thickness of upper tongue of Pertatataka 
Formation .............................................. 118.0 
Contact sharp. 
Julie Formation 
Subunit 2 
1. Dolostone and minor limestone. Dolostone: 
micritic to very fine-crystalline; algal 
domes up to 25 cm wide with 3 cm synoptic 
relief; lenses of flattened ooids; ooids 
up to 2 mm in diameter; locally calcareous; 
stylolites; minor current ripples; thin to 
thick beds (6-34 cm); bedding wavy-parallel; 
light gray (N 7); weathers pale yellowish 
orange (l0YR 8/4). Limestone: micritic to 
fine-crystalline; lenses and semi-continuous 
rythmic interbeds of oolitic grainstone 
within micrite; minor shallow scours; thin 
beds (5-12 cm); bedding wavy-parallel; light 
yellowish gray (SY 8/1), pale brownish gray 
(SYR 8/1) and medium gray (N 5); weathers 
pale olive gray (SY 7/1); mottled. Carbonate 
rocks contain lenses and stringers of chert 
up to 1.8 cm thick and 3 m long. Chert is 
dark gray (N 3) at the base and light brown 
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(5YR 5/6) near the top. Resistant, forms a 
low-lying strike ridge .....•....•.....•.......• 22.0 
Total thickness of Subunit 2 ......••....•............•.. 22.0 
Contact covered; picked at base of lowest dolostone outcrop. 
Subunit 1 
2. Mud-shale, silt-shale, and clay-shale with 
thin interbeds of fine crystalline dolostone. 
Mud-sh~le and silt-shale: very thin laminae 
(1-2 mm); small scale scours; very thin to 
very thick beds (0.6-130 cm); light yellowish 
green (SGY 6/1, SGY 5/1) and light grayish 
red (SR 5/1). Clay-shale: very thin to 
medium beds (0.1-14 cm}; light olive gray 
(SY 6/1). Recessive character; exposed in 
first roadcut east of Ellery Creek ............. 25.0 
Contact covered; picked at top of highest sandstone outcrop. 
1. Sandstone: fine- to medium-grained with 
minor coarse sand; well sorted; low porosity; 
carbonate and silica cement; very thin to 
thin laminae (2-5 mm); medium-angle bottom-
tangent cross laminae; pi cross stratification; 
thin to medium beds (average: 10 cm; 
range: 4-16 cm); partial cover; intermittently 
exposed in bottom of Ellery Creek •...••.•.••.•. 28.0 
Total thickness of Subunit 1 •..••.•.••.••..••.••..••.••• 53.0 
Total thickness of lower tongue of Julie Formation .....• 75.0 
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SECTION 2 
GLEN HELEN EAST 
Location: Approximately 20 km ESE of Glen Helen Tourist 
Camp, Northern Territory, Australia. Base of 
traverse situated on the Hermannsburg 
1: 100,000 geologic map 5450 at Australian map 
grid coo rd i na tes 54 50-821733. 
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Measured by: Lonn P. Hamp and Peter Kotz. Taped. 5-10 July 
1983. 
Goyder Formation 
Thickness 
in meters 
1. Sandstone: medium to coarse-grained; well 
sorted; good porosity; variegated grayish 
orange (l0YR 8/4) and dark yellowish orange 
(l0YR 6/6); recessive ............•........ 
Contact sharp; above contact lies well sorted light and dark 
yellowish orange sandstone. Below lies light brown shale 
and sandstone. 
Hugh River Shale 
1. Shale with minor interbeds of sandstone. 
Shale: moderate yellowish brown (l0YR 4/4, 
l0YR, 5/2); weathers light brown (5YR 5/6). 
Sandstone: current ripples; thin bedded; 
Skol1thos and horizontal burrows only near 
base; light grayish red (5R 5/2); weathers 
light brown (5YR 5/4). Forms a mostly 
covered strike valley .•....•..•............. 
Total thickness of Hugh River Shale .....•...•........ 
Contact sharp. 
Chandler Formation 
1. Chert and silts tone. Chert: very thin 
beds (2.5-4 cm); beds wavy-paralel; weathers 
moderate gray (N 4) and very light gray (N 8). 
Siltstone: clay to very fine sand; 
42 6. 0 
426.0 
heavy-mineral concentrations; very thin(<< 1 mm) 
wavy-discontinuous laminae; silt interl aminated 
with very fine sand; very thin beds (2-4 cm); 
moderate pink (5R 7/4), dark yellowish orange 
(l0YR 6/6) and very pale purple (5P 7/2); 
weathers grayish orange (l0YR 7/4) and light 
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gray (N 7). Exposed in creek bed........... 3.0 
Total thickness of Chandler Formation................ 3.0 
Contact covered; picked at base of lowest chert outcrop. 
Strike and dip remain constant across contact. 
Arumbera Sandstone 
Unit L (lithofacies 2a) 
1. Sandstone with minor mud-shale. Sandstone: 
very fine- to medium-grained; well sorted; 
low to fair porosity; silica cement; heavy 
minerals concentrated in laminae; very thin 
to thin laminae (1-5 mm); planar-parallel and 
planar-nonparallel laminae; high- and medium-angle 
bottom-tangent (erosional and nonerosi onal) 
cross laminae; pi and alpha cross 
stratification; thin to thick beds 
(average: 30 cm; range: 5-80 cm); beds 
parallel to wedging and scoured; Liesegang 
banding; moderate red (5R 4/4) with minor 
orange pink (l0R 7/2); weathers light brown 
( 5YR 6/4); contains one bed (4 cm) of well 
rounded, very coarse sand in a groundmass of 
very fine to medium sand near top. 
Mud-shale: moderate reddish brown 
(lOR 4/6). Moderately resistant; forms 
a talus-covered di psl ope.................... 19.0 
Contact sharp. 
Unit K (lithofacies 2b) 
1. Sandstone with minor interbeds of silt-shale. 
Sandstone: silt to medium sand; mostly very 
fine-grained; poor to moderately sorted; fair 
porosity; silica cement; glauconite- and mica-
bearing; locally concentrated shale lithoclasts 
up to 3 cm long; planar-parallel laminae; 
medium-angle bottom-tangent (erosional and 
nonerosional) cross laminae; nu, mu, and 
alpha cross stratification; rare scours; very 
thin to medium beds (average: 9.5 cm; 
range: 2-22 cm); spherical weathering pits 
up to 4 mm in diameter; pale red (SR 6/2); 
weathers moderate reddish brown (l0R 4/4). 
Silt-shale: moderate red (SR 5/4); 
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recessive.................................... 7.0 
Contact sharp. 
Unit J (lithofacies 2a) 
1. Sandstone: very fine to medium sand; mostly 
very fine- to fine-grained; very well sorted; 
low to fair porosity; silica cement; 
shale-lithoclast molds; very thin laminae 
(1-2 mm); planar-parallel and planar-
nonparallel laminae; high- and medium-angle 
botton-tangent ( nonerosi onal and erosional) 
cross laminae; alpha with minor pi cross 
stratification; thin to thick beds 
(average: 26 cm; range: 5-70 cm); bedding 
parallel, wedging and scoured; spherical 
weathering pits; Liesegang banding; moderate 
red (SR 4/4); weathers moderate browm 
(SYR 5/4); resistant, forms crest and cliff 
of . strike-ridge .... ~........................ 12. 5 
Contact sharp. 
Unit I (lithofacies 2b) 
8 . Sandstone and minor siltstone. Sandstone: 
very fine- to medium-grained; well sorted; 
low porosity; silica cement; mica-bearing very 
thin laminae (0.5-1.5 mm) ;planar-parallel 
laminae; low-angle-planar, and high- and 
medium-angle bottom-tangent (erosional and 
gradational) cross laminae; nu and minor xi, 
beta, and lambda cross stratification; local 
scours up to one mwide and 28 cm deep; very 
thin to medium beds (average: 6 cm; 
range: 1-12 cm); bedding parallel; Liesegang 
banding; convolute beds; moderate red 
(SR 5/4); weathers moderate brown (SYR 5/4). 
Siltstone: mica-bearing; very thin 
(0.5-1.5 mm) laminae; wavy-parallel laminae; 
high- and medium-angle bottom-tangent cross 
laminae; nu cross stratification; dark reddish 
browm (l0R 3/4); weathers moderate reddish 
brown (lOR 4/4) with minor pale purple 
(5RP 7 /2); present only at base. Forms 
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talus-covered scarp slope................... 36.0 
216 
Contact gradational through 3-5 meters; picked where sandstones 
dominate above and mudrocks below. 
7. Mudstone and siltstone with rhythmically 
interbedded sandstone. Mudrocks: calcareous; 
very thin (<1 mm) wavy-parallel and 
wavy-discontinuous laminae; friable; moderate 
reddish brown (l0R 4/4); weathers moderate 
red (SR 6/4). Sandstone: silt to medium 
sand; poorly sorted; fair to good porosity; 
silica with minor carbonate cement; very 
thin (<1-1 mm) medium-angle bottom-tangent 
cross laminae; nu cross stratification; very 
pale reddish brown (l0R 6/4); weathers similar 
(l0R 5/4); partial cover.................... 10.0 
Contact sharp. 
6. Sandstone: very fine to medium sand; mostly 
fine-grained; well sorted; fair porosity; 
silica and minor carbonate cement; very 
thin ( < 1-2 mm) laminae; planar-parallel 
laminae; high - and medium-angle bottom-tangent 
(erosional) cross laminae; pi cross 
stratification; thin to medium beds 
(average: 9 cm; range: 5-15 cm); bedding 
wedging and scoured; spherical weathering pits 
up to 7 mm in diameter; moderate red (SR 4/4); 
weathers 1 ight brown (SYR 5/4); resistant... 4.0 
Contact sharp. 
5. Mud-shale, silt-shale and sandstone. Mud-shale: 
mica-bearing; very thin (<1 mm) wavy-parallel 
and wavy-discontinuous laminae; current ripples; 
thin beds (5-6 cm); dark reddish broivn (l0R 3/4) 
and minor greenish gray (SGY 6/1); weathers pale 
reddish brown (l0R 5/4), grayish pink (SR 8/2) 
and minor 1 ight greenish gray (SGY 8/1). 
Silt-shale: mica-bearing; very thin laminae; 
wavy-parallel and wavy-discontinuous laminae; 
medium-angle bottom-tangent cross 1 ami nae; 
nu cross stratification; very thin beds (1-3 cm); 
dark reddish brown (l0R 3/4); weathers moderate 
reddish brown (l0R 4/4). Sandstone: silt to 
medium sand; mostly very fine-grained; moderately 
sorted; low porosity; silica cement; 
muscovite-bearing; trace of glauconite; very 
thin ( <1-2 mm) medium-angle bottom-tangent cross 
laminae; nu cross stratification with 
interlaminated mud and silt; very thin beds 
(2-4 cm); bedding parallel; moderate reddish 
brown (lOR 4/4); weathers same col or with 
pale olive (lOY 6/2) spots; forms thin, rhythmic 
interbeds within mudrocks.Recessive, forms 
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strike valley............................... 19.0 
Contact sharp. 
4. Sandstone: very fine to medium sand; well 
sorted; low porosity; silica cement; mica-
bearing; shale-lithoclast molds up to 5 cm long; 
very thin to thin (1-5 mm) high- and 
medium-angle bottom-tangent (erosional) cross 
laminae; omikron cross stratification; medium 
to thick beds (average: 27 cm; range: 11-50 cm); 
Liesgang banding; moderate red (SR 4/4); weathers 
1 ight brown (5YR 6/4); resi stant,forms 
low- lying stri ke ridge and small cliff...... 2.0 
Contact sharp. 
3. Sandstone with silt-shale and mud-shale interbeds. 
Sandstone: very fine to very coarse sand; 
moderate to poorly sorted; low porosity; silica 
cement; muscovite-bearing; very thin laminae 
(<1-2 mm); wavy-parallel laminae; medium-angle 
bottom-tangent (erosional) cross laminae; mu and 
nu cross stratification; very thin to thin beds 
(average: 4 cm; range: 2.5-5 cm); shrinkage 
cracks; load casts; moderate reddish brown 
(lOR 4/6); weathers moderate reddish orange 
(lOR 6/6). Shales: dark reddish brown 
(lOR 3/4); weathers similar. Recessive, 
poorly exposed.............................. 4.5 
Contact sharp. 
2. Sandstone: very fine to very coarse sand; 
wel 1 sorted; low porosity; silica cement; 
shale-lithoclast molds; very thin to thin 
( 1-5 mm) high- and medium-angle bottom-tangent 
(erosional) cross laminae; omikron cross 
stratification; thick beds (average: 48 cm; 
range: 36-60 cm); moderate red (5R 4/4); 
weathers moderate red {SR 5/2) and moderate 
reddish brown ( l0R 4/6); resistant, forms smal 1 
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ridge....................................... 2.0 
Contact sharp. 
1. Sandstone with interbeds of silt-shale and mud-shale. 
Sandstone: very fine to coarse sand with 
scattered, well rounded granules; moderately 
sorted; fair to good porosity; silica cement; 
muscovite-bearing; very thin laminae {<1-2 mm); 
wavy-paral 1 el 1 aminae; medium-angle bottom-tangent 
(erosional) cross laminae; nu and mu cross 
stratification; very thin to thin beds 
{average: 5 cm; range: 2-8 cm); bedding 
par al 1 el; shrinkage cracks; 1 oad casts; 
:1-oderate reddish brown {l0R 4/6); weathers 
moderate reddish orange {lOR 6/6) and 
moderate reddish brown {l0R 4/4). Shales: dark 
reddish brown {l0R 3/4); weathers similar 
recessive, forms a nearly flat step on crest 
of strike ridge.. . ..... . .... . ............... 10.0 
Total thickness of Unit!............................ 87.5 
Contact sharp. 
Unit H {lithofacies 2a) 
1. Sandstone and conglomeratic sandstone. 
Sandstone: very fine sand to granules; mostly 
fine-grained; well sorted; low porosity; silica 
cement; shale-lithoclast molds up to 6 cm long; 
very thin high- and medium-angle bottom-tangent 
{erosional, nonerosional, and gradational) cross 
laminae; pi, omikron, nu, alpha, beta, and 
lambda cross stratification; thin to thick beds 
(average: 29.5; range: 8-74 cm); Liesegang 
banding; spherical weathering pits up to 10 mm; 
moderate grayish red (l0R 5/2) and grayish red 
(SR 4/2); weathers light brown {SYR 5/6) and 
dark reddish brown {lOR 3/6). 
Conglomeratic Sandstone: very fine to very 
coarse grounmass with 5-10% pebbles (five largest 
clasts: 21, 20, 13, 12, 10 mm) of angular to 
rounded chert and quartzite; poorly sorted; 
fair to good porosity; silica cement; thin to 
medium {3-25 mm) laminae; planar-nonparallel 
laminae; high- and medium-angle bottom-tangent 
(erosional) cross laminae; pi cross 
stratification; thick beds (average: 46 cm; 
range: 34-55 cm); bedding wedging and scoured; 
pale reddish purple (5RP 5/2); weathers 
moderate reddish brown (lOR 4/6). Overall, 
unit coarsens upward; forms major scarp 
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slope, crest and cliff of strike ridge...... 46.5 
Contact sharp. 
Unit G (lithofacies 2b) 
1. Sandstone, siltstone and mud-shale. Sandstone: 
coarse silt to medium sand; moderately sorted; 
low to fairporosity; silica cement; muscovite-
bearing; very thin to thin 1 aminae (1-4 mm); 
planar-parallel and planar-nonparallel laminae; 
medium-angle bottom-tangent cross laminae; nu and 
minor pi cross stratification; very thin to 
medium beds (average: 7; range: 1-18 cm); 
beds commonly fissile with clay and micas in 
partings; moderate red (SR 5/4); weathers pale 
reddish brown (lOR 5/4). Siltstone: clay to 
fine sand; mica-bearing; low porosity; very thin 
(<1 mm) laminae; planar-parallel laminae; 
medium-angle bottom-tangent cross 1 ami nae; 
solitary and grouped, curved-crested current 
ripples; very thin beds (average: 2 cm; 
range: 1-4 cm); moderate red (5R 5/4); 
weathers moderate reddish brown (lOR 4/4). 
Mud-shale: verythin (<1 mm) wavy laminae; 
moderate reddish brown (lOR 4/4, lOR 5/6) and 
moderate red (SR 4/); weathers grayish pink 
(5R 7/2, SR 8/2) and moderate pink (SR 7/4). 
Recessive, partially covered................ 36.0 
Contact sharp. 
Unit F (lithofacies 2a) 
1. Sandstone: very fine to coarse sand; mostly 
fine-grained; wel 1 sorted; low to fair porosity; 
silica and minor carbonate cement; shale-
1 ithocl ast molds up to 6 cm; very thin to thin 
(<1-6 mm) high- and medium-angle bottom-tangent 
(erosional) cross laminae; pi, omikron, with 
rare nu cross stratification; thin to thick beds 
(average: 13 cm; range: 4-53 cm); bedding wedging 
Total 
and scoured; Liesegang banding; moderate red 
(SR 5/2) and moderate reddish purple (5RP 5/2); 
weathers moderate brown (5YR 5/4), 1 ight brown 
(5YR 6/6), 5YR 5/6) pale red (SR 6/2) and dark 
reddish brown ( lOR 3/2); resistant ......... . 
thickness of Unit 2 above Unit 1 .............. . 
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14.0 
222.5 
Con tact sharp. 
Unit E (lithofacies la) 
3. Sandstone with rare mud-shale interbeds. 
Sandstone: very fine to coarse sand; 
mostly very fine- to medium-grained; well 
sorted; low to good porosity; silica and 
minor carbonate cement; trace of glauconite; 
v er y th i n to th i n 1 am i nae ( < 1-4 mm ); p 1 an a r -
parallel and wavy-parallel laminae; high-
and medium-angle bottom-tangent (nonerosional, 
gradational, and erosional) cross laminae; alpha, 
pi, nu, and lambda cross stratification ; very 
thin to medium beds (average: 9 cm; 
range: 2-30 cm); bedding parallel and minor 
wedging and scoured; moderate red (SR 5/2) and 
moderate reddish purple (5RP 5/2); weathers 
moderate brown (5YR 5/4), moderate red (lOR 5/2) 
and dark reddish brown (lOR 2/6). Mud-shale: 
moderate reddish brown (lOR 4/4) and moderate 
red (lOR 4/2). Recessive .................. 54.5 
Contact sharp. 
(lithofacies le) 
2. Conglomerate sandstone: coarse silt to very 
coarse groundmass with 2-3% rounded to angular 
granules and pebbles (five 1 argest cl asts: 10, 
9, 6, 5, 4 mm) of quartzite and chert; very 
poorly sorted; good porosity; silica cement; 
trace of glauconite and muscovite; forms 
discontinuous lenses 3 m wide and 0.5 m thick; 
moderate grayish red (SR 5/2); weathers moderate 
brown (5YR 5/4) ................. ~........... 0.5 
Contact sharp. 
1. Sandstone: silt to granules (S 6 mm); mostly 
fine- to coarse-grained; poor to well sorted; 
good porosity; silica cement; shale-lithoclast 
molds up to 2 cm; very thin to thin (1-5 mm) 
high- and medium-angle bottom-tangent cross 
laminae; grouped and solitary, curved-crested 
current ripples; thin to medium beds 
(average: 13 cm; range: 3-30 cm); friable; 
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recessive ................................. . 
Total thickness of Unit[ .......•.................... 
Contact sharp. 
13. 0 
68.0 
Unit D (lithofacies 2a) 
1. Sandstone: fine- to medium-grained; well 
sorted; fair to good porosity; silica cement; 
shale-lithoclast molds up to 5 cm; very thin to 
thin (1-5 mm) high- and medium-angle bottom-
tangent (erosional and nonerosional) cross 
laminae; omikron cross stratification; thin 
to thick beds (average: 17 cm; range: 5-50); 
Liesegang banding; moderate red (5R 5/4) ; 
weathers moderate reddish brown (lOR 5/ 6); 
resistant,forms low-lying strike ridge...... 5.0 
Contact sharp and wavy. 
Unit C (lithofacies la) 
1. Sandstone, silt-shale and minor mud-shale. 
Sandstone: silt to granules (<4 mm); mostly 
fine-grained; poor to moderately sorted; good 
porosity; silica with local carbonate cement; 
muscovite-bearing; very thin laminae (0.5-2mm); 
planar-parallel laminae; clay partings; high- and 
medium-angle bottom-tangent ( nonerosi onal) cross 
laminae; alpha cross stratification; very thin to 
medium beds (average: 5 cm; range: 2-14 cm); 
bedding parallel; moderate reddish brown 
(lOR 4/4), pale reddish brown (lOR 6/4), grayish 
pink (5R 8/2) and very pale orange (lOYR 8/2); 
weathers moderate reddish brown (lOR 4/4, lOR 5/4), 
light brown (5YR 6/4) and very light gray (N 8). 
Silt-shale: calcareous; micas on partings; very 
thin (<l mm) wavy-parallel laminae; dusky red 
(5R 3/4) and moderate red (5R 4/6); weathers dark 
reddish brown (lOR 3/4). Mud-shale: pale reddish 
brown (lOR 5/4) and pale red (5R 7/2). 
Recessive, partially covered; forms saddle 
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between low-lying strike ridges............. 17.5 
Contact sharp. 
Unit B {lithofacies 2a) 
1. Sandstone: very fine- to fine-grained; very 
well sorted; low porosity; silica cement; very 
thin to thin {1-6 mm) high- and medium-angle 
bottom-tangent {erosional) cross laminae; pi 
cross stratification; thin to medium beds 
(average: 8 cm; range: 4-15 cm); spherical 
weathering pits; pinkish gray {SY 8/1); weathers 
light brown {5YR 7/4); resistant, forms 
low-lying strike ridge...................... 3.0 
Contact sharp and erosional with scours up to 25 cm deep. 
Unit A {lithofacies la) 
1. Sandstone with interbeds of mud-shale. 
Sandstone: silt to coarse sand; mostly very 
fine- to fine-grained; moderate to moderately 
well sorted; overall grain size and bed thickness 
increase upward; low to good porosity; silica 
with minor carbonate cement; muscovite-bearing; 
heavy-mineral concentrations; very thin to thin 
laminae {<1-5 mm); wavy-parallel and planar-
parallel laminae; high- and medium-angle 
bottom-tangent {erosional, nonerosional and 
gradational) cross laminae; nu, lambda and alpha 
cross stratification; rare scours; very thin to 
thick beds (average: 10 cm; range: 2-50 cm); 
bedding parallel; Liesegang banding; shrinkage 
cracks; moderate red (SR 5/2) moderate reddish 
brown (l0R 4/4), moderate brown {SYR 3/4), 
grayish orange pink {l0R 8/2) pale reddish purple 
{5RP 6/2), pale yellowish orange {l0YR 8/6) and 
pinkish gray {SYR 8/1); weathers moderate reddish 
brown (l0R 5/6), l0R 4/6), pale reddish brown 
{l0R 5/4), grayish red (l0R 4/2), l0R 5/2), 
dark yellowish orange (l0YR 6/6) and grayish 
orange pink (l0R 8/2). Mud-shale: clay to 
silt; very thin {<l mm) wavy-discontinuous and 
wavy-parallel laminae; very thin to thick beds 
(average: 21 cm; range: 3-80 cm); moderate 
reddish brown {l0R 5/6), grayish red {l0R 4/2), 
grayish orange pink {5YR 7/2) and pale olive 
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(lOY 6/2). Recessive, forms a low-lying, 
rounded strike ridge ....•..•..••.•.........• 
Total thickness of Unit 1 .....•..•........•...•...... 
Total thickness of Arumbera Sandstone ....••....•..... 
75.6 
169.1 
391. 6 
Contact covered; picked at top of highest sandstone with 
interbeds of mudrock and dolostone. 
Julie Formation 
3. Sandstone, mudrock and dolostone. Sandstone: 
very fine to coarse sand; mostly fine-grained; 
moderately sorted; good porosity; silica with 
minor carbonate cement; very thin laminae 
( <1-2 mm); planar-parallel and wavy-paral 1 el 
laminae; medium-angle bottom-tangent cross 
laminae; nu cross stratification; very thin, 
parallel beds; pale reddish brown (lOR 5/), 
very pale orange (lOYR 8/2) and yellowish gray 
(SY 8/1); weathers moderate reddish brown 
(lOR 6/4), pale yellowish orange (lOYR 8/6) and 
pale gray 5YR 8/1). Mudrock: very thin (<1 mm) 
wavy-parallel and planar-parallel laminae; current 
ripples; very thin beds; beds commonly fissile; 
moderate reddish brown (lOR 4/4). Dolostone: 
very fine-crystalline; · very thin to thin beds 
(3-5 cm); present as interbeds within terrigenous 
rocks only at top; pale yellowish orange (lOYR 8/6); 
weathers moderate yellowish orange (lOYR 7/6). 
Recessive . . • . . . . . . . • . . . . • . . . . . . . . . . • • . . • . • . 30.0 
Contact sharp. 
2. Siltstone: clay to very fine sand with scattered 
coarse sand at base; particle size decreases 
upward; calcareous; very thin laminae (<1-3 mm); 
planar-parallel laminae; medium-angle 
bottom-tangentcross 1 aminae;nu cross 
stratification; very thin to thin beds (<6 cm); 
yellowish gray (SY 8/1) and pale reddish brown 
(lOR 5/4); weathers yellowish gray (SY 8/4) 
yellowish orange (lOYR 8/6), dusky red (SR 3/4) 
and moderate reddish brown (lOR 6/4); 
recessive 19. 0 
Con tact sharp. 
1. Sandstone with rare interbeds of shale. 
Sandstone: very fine- to fine-grained; 
well sorted; good porosity; silica cement; 
very thin(< 1-3 mm) planar-parallel and wavy-
parallel laminae; rare current ripples; very 
thin to medium beds (average: 6 cm; 
range: 2-25 cm); bedding parallel; pale brown 
(SY 5/2) and grayish red (SR 5/2); weathers 
moderate brown (5YR 3/4) and light brown 
(SYR 5/6); moderately resistant; forms 
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low-lying strike ridge...................... 24.0 
Total thickness of upper tongue of Julie Formation... 73.0 
Contact covered; picked at base of lowest sandstone outcrop. 
Pertatataka Formation 
1. Covered interval. Red and green shale exposed 
sporadically in creek bed approximately 200 
meters we st of traverse......... ........ . ... 2 98. 0 
Total thickness of upper tongue of Pertatataka 
Formation............... . .................. . ... . .... . 298.0 
Contact covered; may be gradational through several meters. 
Picked at top of highest dolostone outcrop. 
Julie Fo~mation 
Subunit 2 
1. Interbedded pink yel 1 owi sh orange ( l0YR 8/6) 
dolostone, gray limestone, and light brown, 
green and red shale..................... . ... 35.0 
Total thickness of subunit 2......................... 35.0 
Contact covered; picked at base of lowest dolostone outcrop. 
Subunit 1 
2. Covered interval. Interbedded moderate brown 
(SYR 5/4)sandstoneand shale.............. 66.5 
1. Sandstone: fine to coarse sand; mostly 
medium-grained; well sorted; low porosity; 
silica cement; very thin to thin laminae 
(2-4 mm); wavy-parallel laminae; high- and 
medium-angle bottom-tangent (erosional) cross 
laminae; pi cross stratification; thin beds 
(5-11 cm); very light gray (N 8); weathers 
Total 
Total 
moderate orange pink (5YR 8/4) and light brown 
(5YR 6/4); forms small strike ridge .•...•••. 
thickness of subunit 1 ....••.......•......•.... 
thickness of lower tongue of Julie Formation •.. 
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7.5 
74.0 
109.0 
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STRATIGRAPHIC SECTION 3
GLEN HELEN WEST 
Location: Approximately 11 km west of Glen Helen Tourist 
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Camp, Northern Territory, Australia. Base of 
traverse is situated on the Hermannsburg 1:100,000 
geologic map 5450 at Australian map grid coordinates 
5450-519816. 
Measured by: Lonn P. Hamp and Peter Kotz. Taped. 
10-14 July 1983. 
Goyder Formation 
1. Light yellow and gray variegated sandstone 
Thickness 
in meters 
with minor interbeds of shale ................. . 
Contact sharp. Above contact iies very light-colored, 
well-sorted sandstone. Dark-colored shale and sandstone 
lie below. Aerial photographs show very light weathering 
tones above the contact. 
Hugh River Formation 
3. Shale with interbeds of sandstone. Shale: 
muddy to silty; light to dark brown with 
minor hues of red, green and gray. 
Sandstone: fine- to medium-grained; 
planar-parallel laminae; very thin to thin 
beds (1-6 cm}; light to dark brown. 
Recessive character; mostly covered ..•.....•.. 91.0 
Contact covered; picked at base of lowest sandstone outcrop; 
may be gradational through 10 meters. 
2. Mud-shale and silt-shale with minor interbeds 
of dolostone. Shale: locally contains 
scattered well-rounded, coarse sand; very 
thin wavy-parallel and wavy-discontinuous 
laminae; very thin beds; moderate greenish 
gray (SGY 8/1) and pale reddish purple 
(SRP 6/2); weathers light greenish gray 
at base, pale red (SR 6/2) and gray above, 
and light brown near top. Dolostone: very 
fine-crystalline and some silty m1cr1tic; 
calcareous; v1avy-paral l el laminae; al gal 
domes up to 20 cm wide with 5 cm synoptic 
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relief; very thin to thin beds (2-6 cm); 
light gray (N7); weathers same and yellowish 
gray ( SY 8/1); forms 4 percent of interval . 
Recessive, partially covered .•...•........•.•. 130.0 
Contact gradational through 15 meters; picked at base of 
lowest dolostone outcrop. 
1. Siltstone, silt-shale, and mud-shale with minor 
sandstone and dolostone. Mudrock: clay 
to fine sand; locally contains well-rounded, 
coarse sand; mica-bearing; locally 
calcareous; very thin (<1-1 mm) wavy-parallel 
to wavy-discontinuous laminae; medium-angle 
bottom-tangent cross laminae; grouped, 
curved-crested current ripples; mud and 
silt interlaminated locally; clay partings; 
very thin to thin beds (1-10 cm); bedding 
parallel; fissile to nonfi ssil e beds; 
moderate reddish brown (l0R 4/4, l0R 5/4), 
grayish red (SR 4/2), moderate grayish 
pink (SR 7/2) and yellowish olive brown 
(SY 6/6); weathers moderate to dark reddish 
brown (l0R 5/6, 10R3/4). Sandstone: very 
fine-grained; low porosity; silica cement; 
muscovite-bearing; medium-angle bottom-
tangent cross laminae; nu cross stratification; 
thin beds (4-9cm); bedding parallel; present 
as interbeds within mudrock only near top 
of interval; load casts; pale red (SR 6/2) 
and greenish gray (5GY 6/1); weathers moderate 
brown (5YR 4/4) and light olive gray (SY 6/1). 
Dolostone: very fine-crystalline and some 
micritic; slightly calcareous; very thin 
(<1-1 mm) medium-angle bottom-tangent cross 
laminae; curved-crested current ripples; 
very thin beds (2-4cm); present as 
interbeds within siltstone only near base 
of interval; light gray (N7); weathers 
yellowish gray (5Y 7/2). Recessive, 
forms a mostly covered dip slope............. 97.0 
Total thickness of Hugh River Shale ..•.....•.•......... 318. 0 
Contact is sharp and appears conformable, but probably is 
disconformable; picked at top of highest sandstone bed. 
Arumbera Sandstone 
Unit g_ (lithofacies 3a) 
1. Sandstone with minor lenses of dolostone. 
Sandstone: silt to medium sand; mostly 
very-fine to medium-grained; overall, 
grain size decreases upward; moderate to 
poorly sorted; low to good porosity; silica 
and; carbonate cement is present only in basal 
one-half meter; muscovite-bearing; shale 
lithoclasts up to 4 mm long; very thin laminae 
( 1-3 mm); wavy-parallel and planar-nonparallel 
laminae; high- and medium-angle bottom-tangent 
cross laminae; nu cross stratification; flaser 
bedding; thin to medium beds (average: 8 cm; 
range: 3-20 cm); bed thickness decreases 
upward; mostly moderate brown (5YR 6/2) and pale 
yellowish brown (lOYR 6/5), but dark gray 
(N3, N4) at base associated with carbonate 
cement; weathers pale reddish brown (lOR 5/4) 
and grayish orange (lOYR 7/4). Dolostone: 
micritic; calcareous; forms lenticular nodules 
and stringers up to 3 cm thick within sandstone; 
pale yellowish brown (lOYR 6/4). Recessive, 
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exposed in gully • .....•.•.•...•..•..•...••.•... 11.0 
Contact sharp. 
Unit P (lithofacies 3b) 
1. Sandstone: fine- to medium-grained; 
moderately well sorted; low porosity; 
silica cement; shale lithoclasts up to 3 cm 
long; trace of micas; very thin (1-5 mm) 
high- and medium-angle bottom-tangent cross 
laminae; pi and nu cross stratification; 
thin to thick beds (average: 22 cm; range: 5-53 cm); 
bedding wedging, wavy and scoured; grayish 
red purple (5RP 4/2); weathers light 
brownish gray (5YR 6/1); resistant, forms low 
ledge ........................................ 17.0 
Contact sharp, probably erosional. 
Unit 0 (lithofacies 3a) 
1. Siltstone, mudstone and sandstone. Mudrock: 
clay to very fine sand; mica-bearing; 
very thin laminae (<l mm); wavy-discontinuous 
laminae; medium-angle bottom-tangent cross 
laminae; current ripples; moderate to dark 
reddish brown (l0R 4/4, l0R 3/4), yellowish 
gray (SY 7/2), moderate olive brown (SY 4/4). 
Sandstone: very fine to medium sand; 
mostly fine-grained; moderately well sorted; 
low porosity; silica cement; glauconite-
bearing; shale lithoclasts and molds up to 
2 cm long; very thin to thin (1-4 mm) 
medium-angle bottom-tangent cross laminae; 
nu cross stratification; thin to medium beds 
(8-12 cm); simple and branching horizontal 
burrows; Skolithos; Diplichnites; 
(?)Monomorphichnus; pale yellowish brown 
(l0YR 6/2); weathers moderate yellowish orange 
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(lOYR 7/6). Recessive, partially covered ...... 20.0 
Contact sharp. 
Unit N (lithofacies 3b) 
1. Sandstone: silt to coarse sand; mostly 
medium-grained; grain size decreases upward; 
moderately sorted; good porosity; silica 
cement; glauconite- and mica-bearing; shale 
lithoclasts and molds up to 7 cm long; very 
thin to thin (1-5 mm) medium-angle bottom-tangent 
( erosi anal, nonerosi onal) cross laminae; 
pi cross stratification; thin to thick beds 
(average: 25 cm; range: 5-80 cm); bedding 
wedging, scoured, and (?)pseudoparallel; 
bed thickness decreases upward; light brownish 
gray (5YR 6/1) and grayish red purple (SRP 4/2); 
weathers moderate grayish brown (5YR 4/2); 
resistant, forms small ledge ....•............••. 4.0 
Contact sharp. 
Unit M (lithofacies 3a) 
1. Sandstone: clay to very coarse sand; 
mostly very fine- to fine-grained; very poor 
to moderately sorted; overall, grain size 
and sorting increase upward; low to good 
porosity; silica cement; shale lithoclasts; 
mica-bearing; very thin to thin (<1-5 mm) 
high- and medium-angle bottom-tangent 
(erosional, nonerosional) cross laminae; 
reactivated current ripples with mud, silt, 
and sand interlaminated; clay drapes; alpha 
cross stratification; very thin to medium 
beds (average: 7 cm; range: 1-26 cm); 
simple and branching horizontal burrows; 
moderate to pale yellowish brown (l0YR 5/4, 
l0YR 6/2) and grayish orange (l0YR 7/4); 
weathers moderate brown ( 5YR 5/.4, 5YR 4/4). 
Interval contains one bed (4 cm) of Fe/Mn 
gossan in which well-rounded quartz granules 
and shale lithoclasts appear to float. 
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Recessive, mos~y covered ...............•...... 8.0 
Contact sharp. 
Unit L (lithofacies 3b) 
1. Sandstone : very fine- to medium-grained; 
moderately well sorted; low porosity; silica 
cement; shale-lithoclast molds up to 2 cm 
long ; trace of micas; very thin to thin (1-5 mm) 
high- and medium-angle bottom-tangent (erosional) 
cross laminae ; nu and pi cross stratification; 
oscillation ripples at top; thin to thick 
beds (average : 22 cm; range: 4-56 cm); 
bedding wedging and scoured; grayish red 
purple (5RP 4/2); weathers light brown 
(5YR 5/4); resistant, forms cliff. ..........•... 5.5 
Contact sharp. 
Unit K (lithofacies 3a) 
1. Sandstone and siltstone. Sandstone: silt 
to medium sand; mostly very fine- to 
fine-grained; moderately sorted; low 
porosity; silica cement; mica-bearing 
(muscovite> biotite); shale-lithoclast 
molds up to 5 cm long; heavy minerals 
concentrated in laminae; very thin laminae 
(1-2 mm); minor planar-parallel laminae; 
high- and medium-angle bottom-tangent 
(erosional) cross laminae; nu cross strati-
fication with interlaminated sand and mud; 
pi cross stratification; very thin to medium 
beds (average: 7 cm; range: 1-20 cm); 
bedding wedging to parallel; horizontal and 
vertical burrows; load casts; pale yellowish 
brown (l0YR 7/2), light brownish gray 
(SY 6/1), and moderate reddish brown (l0R 6/4); 
weathers light to moderate brown (5YR 5/6, 
5YR 5/4), and moderate reddish orange (l0R 6/6). 
Siltstone: clay to medium sand; very 
thin (<1-1 mm) medium-angle bottom-tangent 
cross laminae; curved-crested current ripples; 
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very thin beds. Recessive, partially covered .. 13.0 
Contact covered; picked at base of lowest sandstone outcrop. 
Unit J (lithofacies 3a) 
1. Covered interval. Mudstone: mica-bearing; 
moderate brown (5YR 5/5); forms saddle . . ....... 14.0 
Total thickness of l ithofacies 3 ..••...•....•..•........ ~ 
Cc:~tact covered; picked at top of highest sandstone outcrop. 
Unit I (lithofacies 2a) 
1. Sandstone and conglomeratic sandstone. 
Sandstone: silt to coarse sand; mostly 
very fine- to fine-grained; poor to 
moderately well sorted; sorting decreases 
upward; low to good porosity; silica cement; 
muscovite-bearing; shale-lithoclast molds; 
very thin to thin laminae (<1-5 mm); 
planar-parallel and planar-nonparallel 
laminae ; high- and medium-angle bottom-tangent 
(erosional, nonerosional) cross 1 aminae; 
solitary, curved-crested current ripples; 
pi and alpha cross stratification (current 
ripples are primarily at base, pi-type dunes 
at middle of unit, and alpha-type dunes only 
near top; bed thickness increases toward middle 
of unit; uppermost beds are recessive and have 
the highest porosities); thin to thick beds 
(average: 21 cm; range: 3-100 cm); bedding 
parallel to wedging and scoured; load casts; 
Liesegang banding; moderate red (SR 5/2), grayish 
red purple (5RP 5/2), and moderate red (l0R 5/2); 
weathers dark to moderate reddish brown 
(l0R 3/4, l0R 5/6) and light brown (5YR 5/6). 
Conglomeratic Sandstone: oblate and platy 
pebbles of gray chert (up to 14 cm long) in 
a mostly fine-grained groundmass (petrographic 
examination reveals that the gray chert 
pebbles are late-stage diagenetic infillings 
of probable shale-lithoclast molds at the 
present surface); poorly sorted; low to good 
porosity; silica cement; shale-lithoclast 
molds; very thin to thin (1-10 mm) high-
angle bottom-tangent cross laminae; omikron 
cross stratification; moderate reddish brown 
(l0R 4/6); weathers moderate reddish 
orange (l0R 6/6); present only at top of 
unit. Unit forms crest, cliff, and steep 
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talus-covered scarp slope of stike ridge ..... . . 38.0 
Contact sharp. 
Unit H (lithofacies 2b) 
1. Sandstone: mud to medium sand; mostly 
very fine-grained; poorly sorted; good 
porosity; silica cement; friable; 
muscovite-bearing; very thin (<1-2 mm) 
high- and medium-angle bottom-tangent 
cross laminae; solitary and grouped, 
curved-crested current ripples with laminae 
of mud; very thin to thin beds (3-7 cm); 
wavy bedding; moderate red (5R 5/2); 
weathers dark reddish brown (l0R 3/4); forms 
recessive, nearly flat step on crest of strike 
ridge ..............•..••........•.......•....... 4.0 
Contact sharp. 
Unit G (lithofacies 2a) 
1. Sandstone: very fine- to medium-grained; 
scattered coarse to very coarse sand on 
bedding surfaces; moderately well sorted; 
low porosity; silica cement; shale-lithoclast 
molds up to 5 cm long; mica-bearing; very thin 
to thin (1-5 mm) high- and medium-angle 
bottom-tangent (erosional , grad a ti onal) 
cross laminae; pi and lambda cross 
stratification; thin to thick beds 
(average: 17 cm; range: 8-41 cm); Liesegang 
banding; moderate red (5R 5/2); weathers 
moderate red (l0R 4/4) and light 
brown (5YR 5/6); resistant, forms low crest 
on strike ridge .•..•..•..........•.•..••••...•• 4.5 
Contact sharp. 
Unit F (lithofacies 2b) 
2. Siltstone and mudstone: clay to fine 
sand; verythin laminae (<1 mm); current 
ripples; dark reddish brown (l0R 3/4) and 
236 
grayish red (l0R 4/2); partially covered .....•.. 6.0 
Contact covered; picked at top of highest sandstone outcrop. 
1. Sandstone: silt to medium sand; mostly 
f1ne-gra1ned; poor to moderately sorted; 
low porosity; silica and carbonate cement; 
shale lithoclasts and molds up to 4 cm long; 
muscovite-bearing; very thin (<1-2 mm) 
high- and medium-angle bottom-tangent 
(erosional , grada ti ona l) cross laminae; 
alpha and lambda cross stratification; thin 
to thick beds (average: 10 cm; 
range: 3-31 cm); grayish red purple 
(SRP 4/2); weathers dark reddish brown 
(l0R 3/4); forms a nearly flat, recessive 
step on crest of strike ridge •.......•.......... 7.0 
Contact sharp. 
Unit E (lithofacies 2a) 
1. Resistant sandstone with minor interbeds 
of recessive sandstone and siltstone. 
Resistant Sandstone: very fine- to 
medium-grained; well sorted; low porosity; 
silica cement; shale-lithoclast molds up 
to 6 cm long; trace of micas; very thin to 
thin (1-6 mm) high-angle bottom-tangent 
(erosional, gradational) cross laminae; 
pi, nu, and lambda cross stratification; 
thin to thick beds (average: 24 cm; 
range: 5-45 cm); bedding wedging and 
scoured; moderate red (SR 5/2); weathers 
moderate reddish brown (l0R 5/6). 
Recessive Sandstone: silt to medium sand; 
moderately sorted; fair porosity; silica 
cement; muscovite- and (?)glauconite-bearing; 
very thin bedded; moderate red (SR 5/2); 
weathers grayish red (SR 4/2); covered. 
Siltstone: moderate reddish brown (l0R 4/4). 
Beds steeply overturned, and form a steep dip 
slope with three recessive, covered steps; 
each step is approximately 3 stratigraphic 
meters thick ....•............•.••............. 44.0 
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Total thickness of Unit 2 ..............•..•..•......... 103.5 
Contact sharp. 
Unit D (lithofacies la) 
1. Sandstone and silt-shale. Sandstone: silt 
to medium sand; mostly very fine- to fine-
grained; scattered very coarse to granule-
size quartz on bedding surfaces; moderate to 
moderately well sorted; low to good 
porosity; silica cement; muscovite-bearing; 
shale-lithoclast molds up to 4 cm long; 
very thin to thin laminae (1-5 mm); 
planar-parallel and wavy-parallel laminae; 
high- and medium-angle bottom-tangent 
(erosional, gradati onal , and nonerosi onal) 
cross laminae; nu, lambda, and alpha cross 
stratification; very thin to medium beds 
(average: 8 cm; range: 2-30 cm); Liesegang 
banding; minor slump structures; spherical 
weathering pits; moderate red (SR 5/2), and 
reddish brown (l0R 4/4); weathers light 
brown (5YR 5/6), moderate and dark reddish 
brown (lOR 4/4, l0R 2/6). Silt-shale: clay to 
very fine sand; clay partings; locally contains 
fine-grained sand interlaminated with mud; 
very thin (<1-1 mm) wavy-parallel laminae; 
shrinkage cracks; moderate red (SR 4/4) and 
moderate reddish brown (l0R 4/4); weathers 
same. Recessive, partially covered ...•.•...... 43.5 
Contact sharp. 
Unit C (lithofacies la) 
1. Sandstone: silt to medium sand; mostly 
fine-grained; moderate to well sorted; fair 
to good porosity; silica cement; mica-bearing 
(muscovite> biotite); very thin (<1-2 mm) 
high- and medium-angle bottom-tangent 
(erosional) cross laminae; pi cross 
stratification; very thin to medium beds 
(average: 7 cm; range: 3-15 cm); bedding 
wedging, wavy and scoured; spherical weathering 
pits; cindery appearance; moderate reddish 
brown (l0R 6/4), grayish red (l0R 4/2), 
grayish orange (l0YR 7/4), moderate red 
(SR 6/4); weathers light brown (5YR 5/6), 
pale red (SR 6/2), yellowish gray (SY 7/2), 
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and moderate yellowish brown (lOYR 5/4); 
recessive, partially covered ..•.•.•...•....... 17.0 
Contact covered; picked at top of highest sandstone outcrop 
of moderate red color. 
Unit B (lithofacies la) 
1. Sandstone with minor interbeds of mud-shale. 
Sandstone: very fine- to medium-grained; 
well sorted; low to fair porosity; silica 
cement; mica-bearing; heavy minerals 
concentrated in laminae; shale-lithoclast 
molds up to 3 cm long; very thin to thin 
1 aminae ( 1-5 mm); planar-parallel laminae; 
high- and medium-angle bottom-tangent 
(nonerosional, gradational) cross laminae; 
alpha and lambda cross stratification; thin 
to very thick beds (average: 36 cm; 
range: 5-200 cm); bedding parallel; 
spherical weathering pits; moderate red 
(5R 5/ 2); weathers light brown (5YR 6/4). 
Mud-shale: clay to very fine sand; 
m1ca-bear1ng; very thin (<l mm) wavy-parallel 
and wavy-discontinuous laminae; moderate 
reddish brown (lOR 4/6). Resistant forms 
low-lying, laterally discontinuous strike 
ridge .......................•.................. 23.0 
Contact picked at base of resistant, ridge-forming sandstone. 
Unit A (lithofacies la) 
1. Sandstone and interbedded mud-shale. 
Sandstone: silt to medium sand; scattered 
very coarse , well rounded grains locally; 
moderate to well sorted; low to good porosity; 
silica cement; shale-lithoclast molds up 
to 2 cm long; heavy minerals concentrated 
in laminae; very thin laminae (1-3 mm); 
planar-parallel laminae; medium-angle 
bottom-tangent (nonerosional, gradational, 
and erosional) cross laminae; alpha, lambda, 
and nu cross stratification; very thin to 
medium beds (average: 10 cm; range: 2-30 cm); 
bedding parallel; shrinkage cracks; moderate 
red (5R 5/2); weathers moderate reddish brown 
(lOR 4/4). Mud-shale: clay to very 
fine sand; m1ca-bear1ng; very thin (<l mm) 
wavy-parallel and wavy-discontinuous laminae; 
moderate reddish brown {!OR 4/6); weathers 
similar (lOR 4/4). Recessive, partially 
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covered....................................... 20. 0 
Total thickness of Unit! ........•.•.........••.•..•... 103.5 
Total thickness of Arumbera Sandstone ...•...•.•........ 302.5 
Contact covered; picked at top of highest outcrop of light olive 
gray {SY 6/1) shale. 
Julie Formation 
Subunit 2 
1. Silt-shale, mud-shale and dolostone. Mudrocks: 
clay to very fine sand; very thin 
wavy-parallel and wavy-discontinuous 
laminae; ripple laminated; very thin beds; 
bedding parallel; shrinkage cracks; moderate 
olive gray { SY 5/1), and light gray {N7); 
weathers light olive gray {SY 6/1) and 
yellowish gray (SY 8/1). Dolostone: 
micritic; slightly calcareous; wavy-parallel 
laminae (algal?); medium-angle bottom-tangent 
cross laminae; grouped and solitary, 
curved-crested current ripples; occurs as 
interbeds within shale only at the base. 
Recessive, partially covered .....•.•.....•••... 16.0 
Total thickness of upper tongue ofJul ie formation ......• 16.0 
Contact sharp. 
Pertatataka Formation 
1. Siltshale and mudshale with minor interbeds 
of sandstone. Mudrock: calcareous; thin 
bedded; dark reddish brown (lOR 3/4) and 
greenish gray (SGY 8/1); weathers grayish 
red (lOR 4/2), light greenish gray (SGY 8/1), 
light olive gray (5GY 6/1), and light gray 
(NS, N7). Sandstone: moderate reddish 
brown (lOR 4/4). Recessive, partially 
covered ....................................... 164.0 
Total thickness of upper tongue of Pertatataka Shale ... 164.0 
Contact sharp. 
Julie Formation 
Subunit 2 
1. Dolostone and shale with minor interbeds 
of sandstone and limestone. Dolostone: 
micritic; wavy-parallel laminae; thin beds 
(4-10 cm); light olive gray (SY 5/2); 
weathers grayish orange (lOYR 7/4), and 
very light gray (N8); contains moderate 
reddish brown (lOR 4/6) and light bluish 
gray (5B 7/1) chert nodules. Shale: 
calcareous partings; weathers light olive 
gray (SY 5/2). Sandstone: silt to coarse 
sand; very poorly to very well sorted; low 
to good porosity; silica cement; medium-angle 
bottom-tangent cross laminae; thin to medium 
beds (4-15 cm); weathers grayish brown 
(SYR 4/2) and light brown (5YR 5/6). 
Limestone : micritic; slight fetid odor; 
wavy-parallel laminae; very thin to thin 
beds (1-7 cm); weathers moderate gray (NS). 
Interval is mostly covered; forms a low-lying 
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strike ridge .. . ................. . ..... . ... . ... 107.5 
Contact covered; picked at lowest dolostone outcrop. 
Subunit 1 
2. Covered strike valley. Shale ................•. 83.0 
Contact covered; picked at top of highest quartzite outcrop. 
1. Quartzite: very fine to coarse sand; 
well sorted; low porosity; silica cement; 
shale lithoclasts; very thin to thin 
high-angle bottom-tangent cross laminae; 
pi and nu cross stratification; current ripples 
at base; thin to thick beds (5-37 cm); 
moderate yellowish brown (lOYR 7/2); 
weathers light brown (SYR 5/6, SYR 5/4); 
forms resistant, low-lying crest of strike 
ridge......................................... 4. 5 
Total thickness of Julie Formation •.••••.•......•.....• 195.0 
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STRATIGRAPHIC SECTION 4
GOYDER PASS 
Location: Approximately 26 km west of Glen Helen Tourist 
Camp. Located on the Hermannsberg 1:250,000 
geologic map at coordinates 558,900 yard east and 
2,055,100 yards north. 
Measured by: Lonn P. Hamp and Peter Kotz. Taped. 27 July 
1983. 
242 
Thickness 
in meters 
Contact covered; picked at top of highest sandstone outcrop. 
Arumbera Sandstone 
Unit H (lithofacies 2a) 
1. Sandstone and minor shale. Sandstone : 
fine-grained; fair to good porosity; silica 
and minor carbonate cement; mica-bearing; 
shale-lithoclast molds; pi cross 
stratification; Liesegang banding; pale 
reddish purple (5RP 5/2); weathers pale 
reddish brown (lOR 4/4). Shale: fonns 
interbeds approximately 1 m thick only at top; 
weathers moderate red. Unit fonns crest and 
dipslope of strike ridge.................... 20.2 
Contact covered; picked at base of lowest resistant outcrop 
of sandstone. 
Unit G (lithofacies 2b) 
1. Sandstone with interbeds of shale. Sandstone: 
silt to medium sand; mostly fine-grained; 
moderately to poorly sorted; good porosity; 
mica-bearing; thin to medium beds (8-25 cm); 
moderate red (SR 5/4), pale reddish purple 
(SRP 5/2); weathers pale reddish brown (lOR 5/4). 
Shale: moderate red. Recessive, forms a 
mostly covered saddle between crests of strike 
ridges...................................... 19.4 
Contact sharp. 
Unit F (lithofacies 2a) 
1. Sandstone: fine-grained; well sorted; low 
porosity; silica cement; mica-bearing; pi cross 
stratification; weathers pale reddish brown 
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(l0R 5/4); resistant........................ 4.2 
Con tact sharp. 
Unit E (lithofacies 2b) 
1. Sandstone : silt to medium sand; mostly 
fine-grained; moderately sorted; good 
porosity; silica cement; mica-bearing; 
planar-parallel and minor wavy-parallel 
laminae; nu cross stratification; thin 
beds (4-7 cm); bedding parallel; shrinkage 
cracks; pale reddish purple (SRP 5/2); 
weathers moderate red (SR 5/4); recessive... 4.0 
Contact sharp. 
Unit D (lithofacies 2a) 
1. Sandstone: very fine to medium sand; mostly 
fine-grained; well sorted; low porosity; 
silica cement; trace of micas; shale-lithoclast 
molds ; pi cross stratification; thin to thick beds 
(8-50 cm); fining upward cycles; Liesegang 
banding; pale reddish purple (SRP 6/2); 
weathers pale reddish brown (l0R 5/4); 
resistant, fom,s crest of strike ridge...... 22.3 
Contact gradational through 1-2 m; picked at base of lowest 
resistant-sandstone outcrop. 
Unit C (lithofacies 2b) 
2. Sandstone with minor interbeds of shale. 
Sandstone: silt to medium sand; mostly 
fine-grained; moderately well sorted; good 
porosity; silica cement; mica-bearing; 
shale-lithoclast molds; planar-parallel 
laminae; medium-angle bottom-tangent 
(nonerosional and erosional) cross laminae; 
alpha, nu, mu, and minor pi cross 
stratification; thin to medium beds (4-24 cm); 
bedding parallel and minor wedging and scoured; 
moderate red (SR 5/4); weathers pale reddish 
brown (l0R 5/4); recessive, fom,s steep 
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scarp slope................................. 30. 0 
1. Covered interval. Sandstone with interbeds 
siltstone. Sandstone: silt to medium sand; 
mostly fine-grained; moderate to poorly 
sorted; low porosity; silica cement; 
mica-bearing; thin beds; moderate reddish purple 
(SRP 5/2); weathers moderate grayish red 
(l0R 5/2). Siltstone: clay to very fine 
sand; mica-bearing; moderate reddish brown 
(l0R 5/6); weathers pale reddish brown (l0R 5/4). 
Recessive, forms dip slope and small strike 
valley ...................................... 50.0 
Contact sharp. 
Unit B (lithofacies 2a) 
3. Sandstone : very fine to medium sand; mostly 
fine-grained; moderatly sorted; low to fair 
porosity; silica cement; shale-lithoclast 
molds; mica-bearing; planar-parallel 
laminae; pi cross stratification; thin to 
thick beds (8-31 cm); Liesegang banding; 
spherical weathering pits; sets of vertical 
joints; grayish orange (l0YR 7/4); weathers 
moderate brown (SYR 5/4); resistant, forms 
crest of strike ridge....................... 3.0 
Contact covered; picked at base of lowest sandstone outcrop. 
2. Covered interval. Mudrock; forms saddle •..• 9.0 
Contact covered; picked at top of highest sandstone outcrop. 
1. Sandstone: very fine to medium sand; 
mostly fine-grained; moderate to well sorted; 
low porosity; silica cement; mica-bearing; 
planar-parallel laminae; beta cross 
stratification; thin to medium beds (8-24 cm); 
bedding wedging and scoured; Liesegang 
banding; spherical weathering pits; 
moderate red (SR 4/4); weathers moderate 
reddish brown (l0R 4/4) and moderate 
brown (SYR 5/4); resistant, forms crest of 
strike ridge ............................... . 
Total thickness of Unit 2 •......•.••....•...•.•.••..• 
7.5 
169.6 
Unit A (lithofacies la) 
1. Sandstone, mud-shale, and minor siltstone. 
Sandstone: very fine to medium sand with 
rare scattered coarse sand; mostly fine-grained; 
moderate to well sorted; low to good porosity; 
mica-bearing; planar-parallel laminae; nu and 
mu cross stratification; isolated, straight-
crested current ripples; thin to medium 
beds (3-25 cm); spherical weathering pits; 
sets of vertical joints; moderate red (SR 5/4) 
and minor yellowish gray (5Y 7/2); weathers 
moderate reddish brown (lOR 4/4) and minor 
pinkish gray (5YR $/1). Mud-shale: present as 
interbeds within sandstone through upper 
50 m; moderate reddish brown (lOR 4/4); 
weathers pale reddish brown (lOR 5/4) and 
moderate yellowish orange (lOYR 7/6).Siltstone: 
present near base; weathers moderate yellowish 
orange (lOYR 7/6). Recessive, forms a mostly 
covered, gentle scarp slope with gully at 
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base . ....•.................•......•......... 
Total thickness of Unit 1 ..••........................ 
Total thickness of Arumbera Sandstone .......•........ 
128.6 
128.6 
>298.2 
Conact covered; picked at base of lowest sandstone outcrop. 
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SECTION 5 
GOYDER PASS WEST 
250 
Location: Approximately 29.5 km east of Glen Helen Tourist 
Camp, Northern Territory, Australia. Base of 
traverse is situated on the Hermannsburg 1:250,000 
geologic map at coordinates 555,300 yards east 
and 2,07,500 yards north. 
Measured by: Lonn P. Hamp and Morris Pekin. Taped. 
29 August - 4 September 1983. 
Goyder Formation 
Thickness 
in meters 
1. Light brown, thin-bedded sandstone with minor 
carbonate rock; moderately resistant; basal 
sandstones form a low-lying strike ridge ..... 
Contact cover~d; picked at the base of the lowest sandstone 
outcrop. 
Hugh River Shale 
2. Covered interval............................. 335.0 
-
1. Siltstone, silt-shale, mud-shale and minor 
i nterbeds of sandstone. Silt-shale and 
siltstone: clay to finesand; muscov,te-
bearing; very thin laminae (<1-1 mm); 
wavy-parallel laminae; wavy-discontinuous 
laminae of fine-grained sand; high- and medium-
angle bottom-tangent ( nonerosi onal and erosi ona 1) 
cross laminae; nu cross stratification; thin to 
medium beds (3-11 cm); bedding parallel, and 
wavy; moderate reddish brown (lOR 4/6), moderate 
orange pink (SYR 8/4) and pale yellowish orange 
(lOYR 6/6); weathers pale reddish brown (lOR 5/6), 
grayish pink ( 5R 8/2), light reddish orange 
(lOR 7/6) and moderate yellowish brown 
(lOYR 5/4); mottled locally. Mud-shale: clay 
to very fine sand; muscovite-bearing; very thin 
laminae (<1-1 mm); wavy parallel laminae; 
medium-angle bottom-tangent cross 1 aminae; 
current ripples; very thin to thin beds; 
bedding parallel; light reddish orange (lOR 7/6), 
dark yellowish orange (lOR 6/6) and pale reddish 
brown (lOR 5/4); weathers light reddish orange 
(lOR 7/6), light yellow (5Y 8/6) and dark orange 
pink (l0R 6.5/4). Sandstone: silt to very-fine 
sand; good porosity; silica cement; very thin 
1 aminae (0.5 mm); high-angle bottom tangent 
(erosional) cross laminae; nu cross stratification; 
thin and medium beds (8,15 cm); moderate reddish 
orange (l0R 6/6); weathers grayish orange 
(l0YR 7 /4); present as a. rare interbeds only 
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neJ.r base. Recessive, mostly covered ......... 48.5 
Total thickness of Hugh River Shale .••......•.......... 389.5 
Contact sharp. 
Arumbera Sandstone 
Unit L (lithofacies 2a) 
3. Sandstone: very fine- to medium-grained; 
grain size and bed thickness decrease upward; 
moderately sorted; fair to good porosity; silica 
cement; mica-bearing (muscovite> biotite); very 
thin laminae (1-2 mm); planar-parallel laminae 
only at base; medium- angle bottom-tangent 
(erosional) cross laminae; pi cross stratification; 
thin to thic k beds (average: 18 cm; range: 7-33 cm); 
bedding wedging and scoured; pale yellowish brown 
(l0YR 6/2) and grayish orange (l0YR 7/4) ; 
weathers light brown (5YR 5/4) and pale 
reddish brown (l0R 5/6); moderately 
resistant . . . .. . . . ... . . . .... . ... . . . .......... 9.0 
Contact sharp. 
2. Sandstone: fine- to medium-grained with minor 
coarse sand; well sorted; 1 ow to fair porosity; 
silica cement; mica-bearing; biotite partially 
altered to hematite; very thin laminae (1-3 mm); 
shale-lithoclast molds; high- and medium- angle 
bottom-tangent (erosional) cross 1 aminae; pi, 
and minor nu cross stratification; medium to 
thick beds (average: 38 cm; range: 10-86 cm); 
bedding wedging and scoured; pale grayish red 
purple (5RP 5/2), 1 ight brownish gray (SYR 6/1); 
weathers grayish red purple (5RR 4/2), moderate 
yellowish brown (l0YR 5/2), light brown (5YR 5/6) 
and moderate brownish gray (SYR 5/1); resistant, 
forms crest and cliff of strike ridge; 
partially covered........................... 32.0 
Contact sharp. 
1. Sandstone: fine- to medium-grained; grain 
size and bed thickness decrease upward; well 
sorted; fair to good porosity; silica cement; 
shale-lithoclast molds up to 2 cm long; heavy 
minerals concentrated in laminae; very thin 
(0.5-2 mm) high- and medium-angle bottom-tangent 
(erosional) cross laminae; pi and nu cross 
stratification; medium beds (average: 17 cm; 
range: 10-30 cm); bedding wedging and scoured; 
spherical-weathering pits up to 3 mm in 
diameter; cindery appearance locally; pale 
grayish purple (5RP 5/2), and very pale 
yellowish brown (l0YR 7/2); weathers light 
brown (5YR 5/6, 5YR 5/4) and light brownish 
gray (5YR 6/1); moderately resistant, forms 
steep sc-0rp slope with a nearly flat step 
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at top...................................... 35.0 
Total thickness of Unit L............................. 75.5 
Contact covered; picked at base of lowest sandstone outcrop. 
Unit K (lithofacies 2b) 
4. Covered interval with one small outcrop ( 0.5 m 
thick) of mudrock exposed in gully near top. 
Mudrock: weathered and root-churned; moderate 
reddish brown (l0YR 4/6). Forms di sected 
slope with a thick regolith cover within strike 
valley .........................•...•......... 56.0 
Contact covered; picked at top of highest sandstone outcrop. 
3. Sandstone: very fine- to fine-grained; well 
sorted; fair porosity; silica and carbonate 
cement; trace of muscovite; very thin 1 aminae 
(0.5 mm); low-angle-planar cross laminae; 
xi cross stratification; thin beds (8-9cm); 
pale reddish brown (l0R 6/4); weathers dark 
reddish brown (l0R 3/6); mostly covered ...• 10.0 
Contact covered; picked at top of highest resistant-sandstone 
outcrop. 
2. Sandstone: very fine- to fine-grained; well 
sorted; good porosity; silica cement; very thin 
laminae (0.5-1 mm);high- and medium-angle 
bottom-tangent (erosional) cross laminae; 
pi, omikron, and nu cross stratification; medium 
beds {13-27 cm);bedding parallel to wedging 
and scoured; moderate red (SR 5/4); weathers 
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dark reddish brown (10R3/4); moderately resistant, 
forms small discontinuous ledge.............. 4.0 
Contact covered; picked at base of lowest resistant 
sandstone. 
1. Sandstone: very fine- to fine-grained; well 
sorted; fair to good porosity; silica cement; 
mica-bearing (muscovite> biotite); very thin 
laminae (0.5-1 mm); planar-parallel laminae; 
low-angle-planar and medium-angle bottom-tangent 
(erosional) cross laminae; xi and minor pi 
cross stratification; thick beds (35-57 cm); 
bedding wedging and scoured; pale grayish red 
(lOR 5/2); weathers grayish red (lOR 4/2) and 
moderate reddish brown (lOR 3.5/6); partially 
covered.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 21. 0 
Total th ickness of Unit K............................ 91.0 
Contact covered; picked at the top of the highest outcrop of 
resistant, cliff-forming sandstone. 
Unit J (lithofacies 2a) 
2. Sandstone: very fine- to fine-grained; well 
sorted; low porosity; silica cement; shale-
1 ithoclast molds up to 6 cm long; mica-bearing 
very thin laminae (0.5-2 mm); planar-parallel 
laminae; high- and medium-angle bottom-tangent 
(erosional and gradational) and minor 
low-angle-pl an ar cross 1 am i nae; pi, and mi nor 
nu, xi, and kappa cross stratification; minor 
isolated straight-crested current ripples; thin 
to thick beds (average: 30 cm; range: 6.5-70 cm); 
bedding wedging and scoured; spherical 
weathering pits; minor slump structures; pale 
grayish red (5R 5/2); weathers moderate reddish 
brovm (lOR 4/4) and 1 ight brown (5YR 5/6); 
forms cliff ...........•.•.......•............ 40.0 
Contact sharp. 
1. Sandstone and minor congl omerati c sandstone. 
Sandstone: very fine to very coarse sand; 
mostly fine-grained; moderate to well sorted; 
low to fair porosity; silica cement; shale-
lithoclast molds up to 4 cm long; mica-bearing 
(muscovite> biotite); biotite partially 
altered to hematite; very thin laminae (0.5-3 mm); 
high- and medium-angle bottom-tangent (erosional) 
cross laminae; pi, nu, and minor omikron and 
kappa cross stratification; locally, furiously 
cross-stratified; minor planar-parallel laminae 
interstratified with isolated, straight-crested 
current ripples; thin to thick beds (average: 
33 cm; range: 4-80 cm); fining-upward cycles; 
bedding wedging and scoured; minor Liesegang 
banding pale reddish purple (5RP 5/2) and pale 
to moderate red (5R 6/4, 5R 4/4); weathers 
grayish red (l0R 4/2), pale reddish brown 
(l0R 5/4, l0R 4/4) and light brown (5YR 5/6). 
Conglomeratic sandstone: fine-grained 
groundmass with 1 to 5% granules and pebbles 
(five largest clasts: 13, 11, 10, 9, and 8 mm) 
of quartzite and chert; moderate to poorly 
sorted; low porosity; silica cement; trace 
of muscovite; presentat top of interval. 
Resistant, forms a broad strike ridge with 
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heavy cover of vegetation; mostly covered.... 238.0 
Total thickness of Unit J ••••••••••••••••••••••••••••• 278.0 
Contact sharp. 
Unit I (lithofacies 2b) 
1. Silt-shale and sandstone. Silt-shale: clay 
to fi nesand; muscovite-bearing; calcareous; 
very thin laminae(< 1 mm); medium-angle 
bottom-tangent cross 1 aminae; nu cross 
stratification; moderate red (5R 4/4). 
Sandstone: silt to fine sand; mostly very 
f1ne-gra1ned; moderately sorted; good porosity; 
silica and carbonate cement; mica-bearing; 
biotite partially altered to hematite; very 
thin 1 aminae (0.5-1 mm); medium-angle 
bottom-tangent (erosional) cross laminae; 
nu cross stratification; thin beds (4-5 cm); 
bedding wedging; moderate red (5R 5/4); 
weathers dark reddish brown (l0R 3/4). 
Recessive, partially covered; forms nearly 
flat step between resistant sandstone 
ridges....................................... 5.0 
Contact sharp. 
Unit H (lithofacies 2a) 
1. Sandstone: very fine to medium sand with rare 
scattered coarse grains; mostly fine-grained; 
moderate to wel 1 sorted; 1 ow to good porosity; 
silica cement; shale-lithoclast molds up to 
4 cm long; mica-bearing (muscovite> biotite); 
very thin laminae(0.5-1 mm); high- and medium-
angle bottom-tangent (erosional) cross laminae; 
pi and minor omikron cross stratification 
with parting lineations on foreset surfaces; 
furiously cross stratified near top; minor 
planar-parallel laminae with interval 
scours; medium to thick beds (average: 32 cm; 
range: 14-65 cm); bedding wedging, wavy and 
scoured; minor Liesegang banding; moderate 
red (5R 5/4, 5R 4/4); weathers moderate reddish 
brown (l0R 4/4, l0R 5/4). Resistant, partially 
covered (may contain minor interbeds of 
recessive sandstone or shale); cliff at 
255 
b a s e ... .. . . .......... . 27.0 
Contact sharp. 
Unit G (lithofacies 2b) 
1. Sandstone : Silt to medium sand; mostly very 
fine-grained; moderate to well sorted; low to 
good porosity ; silica with minor carbonate 
cement; shale lithoclasts and molds; mica-bearing 
(muscovite> biotite}; trace of glauconite; very 
thin laminae (0.5-1.5 mm); bifurcating wave 
ripples; oscillation ripples; high- and 
medium- angle bottom-tangent (erosional) cross 
laminae; minor pi cross stratification; minor 
planar-parallel laminae; thin to thick beds 
(average: 14 cm; range: 5-7.37 cm}; 
shrinkage cracks; moderate red (5R 5/4) and 
moderate reddish brown (l0R 4/4}; weathers 
pale to moderate reddish brown (lOR 6/4, 
l0R 4/4} and moderate red (5R 5/4); recessive, 
partially covered .... •o•••••••••••••••o••••• 21.0 
Contact sharp. 
Unit F (lithofacies 2a) 
1. Sandstone: very fine to fine sand; mostly 
fine-grained; well sorted; low porosity; silica 
cement; trace of muscovite; shale-lithoclast 
molds; very thin laminae (0.5-1 mm); high- and 
medium-angle bottom-tangent (erosional) cross 
laminae; pi cross stratification; parting 
lineations on foreset surfaces; thick beds 
(38, 60 cm); bedding wedging and scoured; 
moderate red (5R 5/4); weathers moderate 
reddish brown (10 R 4/4); resistant, forms 
s~all strike ridge and cliff within saddle 
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between major strike ridges.................. 2.5 
Contact sharp. 
Unit E (lithofacies 2b) 
1. Sandstone and silt-shale. Sandstone: silt 
to fine sand; mostly very fine- to fine-grained; 
minor, well rounded very coarse sand and 
granules on bedding surfaces; poor to well 
sorted; low to good porosity; silica cement; 
shale-lithoclast molds up to 1.5 cm long; 
mica-bearing (muscovite >biotite); 
very thin laminae (0.51 mm); high- and 
medium-angle bottom-tangent (erosional and 
gradational) and low-angle-planar cross laminae; 
pl anar-paral 1 el laminae; nu, pi, xi, and minor 
kappa cross stratification; oscillation ripples; 
minor interference oscillation ripples; thin 
to thick beds (average: 14 cm; range: 4-44 cm); 
pale and moderate red (5R 6/2, SR 5/4, 5R 4/6) 
and gray reddish purple( 5RP 4/2); weathers 
pale reddish brown (l0R 5/4, l0R 5/6), 
moderate brown (5YR 4/4) and pale red 
(5R 6/2). Silt-shale: clay to fine sand; 
very th"in 1 amrnae ( < 1 mm); wavy-parallel and 
wavy-discontinuous laminae; current ripples; 
medium beds (17 cm); light brown (5YR 5/6) and 
grayish red (l0R 4/2). Recessive, partially 
covered; forms saddle........................ 39.0 
Contact sharp. 
Unit D (lithofacies 2a) 
1. Sandstone: very fine to medium sand; mostly 
f1ne-gra1ned; contains minor lenses of conglomer-
atic sandstone (five largest clasts: 6, 5, 5, 
4, 4 mm); moderately sorted; low porosity; 
silica cement; shal e-1 ithocl ast molds up to 
5 cm long; trace of mica; very thin to thin 
laminae (2-5 mm); high- and medium-angle 
bottom-tangent (erosional) cross laminae; pi 
cross stratification; medium to thick beds 
(average: 54 cm; range: 24-100 cm); bedding 
wedging and scoured; pale red (5R 6/2); weathers 
grayish red (l0R 4/2) and light brown 
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(SYR 5/6); resistant, forms crest and cliff 
of strike ridge.............................. 7.0 
Contact sharp. 
Unit C (lithofacies 2a) 
1. Sandstone: silt to fine sand; mostly very 
fine-grained; moderate to well sorted; good 
porosity; silica cement; mica-bearing 
(muscovite> biotite); very thin laminae (1 mm); 
high- and medium-angle bottom-tangent 
(erosional) cross laminae; nu cross 
stratification; planar-parallel laminae; thin 
beds (5-7 cm); bedding parallel to wedging; 
pale red (SR 6/2); weathers same; recessive, 
partially covered............................ 11.0 
Contact sharp. 
Unit B (lithofacies 2a) 
Total 
1. Sandstone: silt to fine sand; mostly very 
fine- to fine-grained; moderate to well 
sorted; low to good porosity; silica cement; 
trace of micas; very thin to thin laminae 
(1-5 mm); high- and medium-angle bottom-tangent 
(erosional) cross laminae; pi cross 
stratification; parting lineations on foreset 
surfaces of dunes; furiously cross-stratified; 
medium to thick beds (average: 25 cm; 
range: 13-37 cm); bedding wedging and scoured; 
pale red (SR 6/2); weathers pale brown 
(SYR 5/2); resistant ........•...•....•...... 
thickness of Unit 2 ...................•......... 
Contact sharp and wavy. 
Unit A (lithofacies la) 
---
1. Sandstone, silt-shale, mud-shale and rare 
dolostone. Sandstone: silt to medium sand; 
mostly very fine- to fine-grained; rare, coarse 
to very coarse, subrounded to well rounded 
g~ains; poor to well sorted; fair to good 
porosity; silica and minor carbonate cement; 
mica-bearing (muscovite> biotite); locally 
glauconite-bearing; heavy minerals concentrated 
in laminae; minor shale-lithoclast molds up 
to 1 cm long; very thin laminae (<1-2 mm); 
6.5 
563.0 
high- and medium-angle bottom-tangent 
(erosional, grad a ti onal, and nonerosi onal) 
cross laminae; nu, lambda, kappa, alpha, beta, 
gamma, pi and omikron cross stratification; 
planar-parallel and wavy-parallel laminae; 
current ripples contain interl aminated mud 
locally; very thin to thick beds 
(average: 11 cm; range: 1-48 cm); bedding 
parallel to wedging and scoured; clay 
partings ; beds locally fissile; flute casts; 
Liesegang banding; water-escape structures; 
weathering joints; minor Fe/Mn gossan; 
spherical and ovate weathering pits on outcrop 
surfaces; cindery appearance near top; pale 
reddish brown (lOR 5/4), grayish red (lOR 4/2), 
reddish purple (5RP 6/2), grayish orange pink 
(5YR 7/2) and grayish orange (lOYR 7/4); 
weathers moderate and grayish red (5R 5/4, 
lOR 4/2), moderate and dark reddish brown 
(lOR 4/4, lOR 4/6, lOR 3/4), pale reddish purple 
(5RP 5/2), grayish pink (5R 8/2) and grayish 
orange pi nk (5YR 5/2). Mudrocks: clay to 
fine sand; rare scattered, well rounded, coarse 
grains ; mica-bearing; locally calcareous; very 
thin laminae (<1-1 mm); wavy-parallel, 
wavy- discontinuous, and planar-parallel 
laminae ; medium-angle bottom-tangent cross 
laminae; current ripples; very thin to thick 
beds; bedding parallel; silt-shale contains 
rare muddy, discontinuous laminae; mud-shale 
contains rare laminae of sand; dark reddish 
brown (lOR 3/4), pale yellowish orange 
(l OYR 8/6), and yellowish gray (5Y 7/2). 
Gypsum is present as beds or (?)veins 
(2-3 cm thick) between and parallel with 
bedding surfaces within mud-shale 120 meters 
above the base. Gypsum beds contain whispy 
inclusions of mud. Blade-shaped gypsum crystals 
also interpenetrate and slightly disrupt 
adjacent mudshal e beds. The gypsum probably 
is a late-stage surficial deposit which 
resulted from displacement precipitation between 
mud-shale bedding planes. Dol ostone: silty-
to muddy-micritic and fine-crystalline; 
calcareous; muscovite-bearing; very thin 
(1 mm) wavy-parallel laminae; current ripples; 
very thin beds ( 1.5 cm); synaeresis cracks; 
rare simple horizontal burrows 2mm in diameter; 
moderate red (5R 5/4); weathers pale red 
(lOR 6/2); present as one bed 53 meters 
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above base. Recessive, forms a partially 
covered, gentle slope .........•••.......•.•• 
Total thickness of Unit 1 ....•............•.........• 
Total thickness of Arumbera Sandstone .•.............. 
161.0 
161.0 
724.0 
Contact covered; picked at lowest sandstone outcrop. 
Pertatataka Shale 
Total 
1. Covered interval. One, two-meter-thick outcrop 
of shale is present near the base; moderate 
reddish brown (lOR 4/6) and light yellow 
(5Y 7/4); forms gentle, disected slope ..•.••. 
thickness of Pertatataka Shale ••................ 
2 75.0 
275.0 
Contact covered; picked at the top of the highest oolitic 
dol ostone outcrop. 
Julie Formation 
Total 
1. Interbedded sandstone, silt-shale, mud-shale 
and minor dolostone. Sandstone: very fine-to 
coarse-sand; mostly fine- to medium-grained; 
moderately sorted; low to good porosity; silica 
cement; shale-lithoclast molds; very thin to 
thin laminae (1-6 mm); wavy-paralJel and 
planar-parallel laminae; high- and medium-angle 
bottom-tangent (erosional) cross laminae; nu, mu, 
pi and omikron cross stratification; very thin to 
thick beds (average: 10 cm; range: 3-38 cm); 
minor slump structures; simple horizontal burrows 
89 meters above base on third, small strike 
ridge; Fe/Mn gossan; cindery appearance; 
sandstone near top is very calcareous; very 
pale orange (lOYR 8/2), pinkish gray (5YR 8/1) 
and white (NB); weathers 1 ight brown (5YR 6/4). 
Mudrock: clay to very fine sand; rare micas; 
very thin (<1 mm) wavy-parallel, planar-parallel, 
and wavy-discontinuous laminae; current ripples; 
mud and silt interlaminated locally; red, reddish 
purple, white and light brown; Dolostone: 
calcareous; oolitic; one bed (10 cm thick) noted 
at the top of the formation; yel 1 owi sh white. 
Chert cobbles, with internal silicified ooids, 
present in alluvium stratigraphically above 
the dolostone bed. Upper half of formation 
forms a mostly covered strike val 1 ey. Lower 
half forms three low-lying strike ridges •.•• 
thickness of Julie Formation ..•.......••••..... 
192.0 
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Location: 23 km north of Undandita Native camp and 36 km east of Mount 
Sender, Northern Territory, Australia. Located on the 
Hermannsburg 1:250,000 Geologic Mar at coordinates 536,200 
yards east and 2,064,400 yards north. 
Measured by: Lonn P. Hamp, Peter Kotz and Morris Pe~in. Taped. 
19-26 July, 1983. 
Goyder Formation 
Thickness 
in Meters 
1. Sandstone with sliale interbeds. Sandstone: fine- to 
medium-grained, very well sorted; thin beds; white to very 
light gray; minor Fe/Mn gossan; recessive ... ..... ...... . 
Contact covered; picked at base of lowest white sandstone outcrop. 
Hugh River Shale 
2. Silt-shale and sandstone. Silt-shale: clay to very fine 
sand; mica-bearing (muscovite " biotite); locally 
calcareous; very thin laminae (20.5-1 mm); wavy parallel 
and wavy-discontinuous laminae; medium-angle bottom-
tangent cross laminae; current ripples; isolated scours 
(0.5cm deep) ; dark reddish brown (lOR 3/4) and grayish 
red (lOR 4/2); weathers grayish red (lOR 4/2) and light 
greenish gray (5LY 8/1), variegated at base. Sandstone: 
Silt to fine sand; mostly very fine- to fine-grained; well 
sorted; low to good porosity; silica cement; mica-bearing 
(muscovite ·· biotite); trace of detrital chert; shale-
lithoclast molds; arkose; very thin laminae ('0.5-1 mm); 
planar-parallel and minor wavy-parallel laminaP; high- and 
medium-angle bottom-tangent (erosional) cross laminae; 
pi, omikron, and nu cross stratification; isloated scours 
within sets of planar-parallel laminae; very thin to 
medium beds (3.5-23 cm); beds are discontinous within 
shale (lenticular bedding) at base; grayish red (lOR 4/2), 
pale red (SR 6/2) and minor grayish yellow green 
(56Y 7/2); weathers grayish red (lOR 4/2), light brown 
(5YR 5/4), moderate reddish brown (lOR 4/4) and minor 
greenish gray (5GY 6/1). Recessive; mostly covered ...... 215.0 
Contact covered; picked at base of lowest sandstone outcrop. 
1. Shale and siltstone. Shale: clay to very fine sand; 
mostly silt; mica-bear,ngTmuscovite ·· biotite); slightly 
calcareous; very thin laminae ('1-1 mm); wavy-
discontinuous and wavy-parallel laminae; minor medium-
angle bottom-tangent cross laminae; current ripples; 
generally, east and west paleocurrents; very thin to 
medium beds (2-18 cm); parallel bedding; grayish red 
(lOR 4/2), pale reddish brown (lOR 5/4), pale grayish 
yellow (10 Y 8/2), light olive gray (5Y 6/1) and minor 
pale olive (lOY 6/2); weathers grayish red (lOR 4/2), 
moderate red (5R 4/2), yellowish gray (5Y 7/2) and minor 
greenish gray (5GY 6/1). Siltstone: clay to very fine 
sand; mica-bearing; very thin ( 1 mm) wavy-parallel and 
planar-parallel laminae; very thin to medium beds 
(3-18cm); pale reddish brown (lOR 5/4) and grayish yellow 
(5Y 7/4); weathers moderate red (5R 4/2) and grayish 
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orange (lOYR 7/4). Recessive; mostly covered ............ 375.0 
Total thickness of Hugh River Shale ................................ 590.0 
Contact covererl; oicked at top of highest sandstone outcrop. 
Arumbera Sandstone 
Unit V (lithofacies 3a) 
1. Sandstone and silt-shale. Sandstone: silt to medium sand; 
mostly fine-grained; very fine-grained at ton; well 
sorted; sorting is moderate to poor at top; rare, well 
rounded to angular coarse grains scattered on bedding 
surfaces near base; shale-lithocast molds up to 2 cm long 
only at base; low to good porosity; silica cemen_t; mica-
bearing (hiotite ·· muscovite); very thin laminae 
(0.5-2 mm); planar-parallel laminae; high- and medium-
angle bottom-tangent ( nonerosi onal and erosional) and 
medium angle-planar cross laminae; alpha, omikron, and xi 
cross stratification; grouped and solitary, linear- and 
curved-crested current ripples; current ripples contain 
muddy laminations at top of unit; very thin to medium beds 
(average: 8 cm; range: 2-15 cm); bedding parallel and 
minor wedging; simple horizontal and vertical burrows; 
pale reddish purple (5RP 6/2), pale yellowish brown 
(lOYR 6/2), moderate red (SR 5/2), and moderate yellowish 
orange (lOYR 6/2); weathers moderate red (SR 5/2), 
moderate brown (SYR 5/2), pale yellowish brown (lOYR 7/2), 
and grayish orange (lOYR 7/4). Silt-shale: very thin 
laminae (·1 mm); wavy-parallel laminae; medium-angle 
bottom-tangent cross laminae; current ripples; light 
brownish gray (SYR ~/1) and moderate yellowish orange 
(lOYR 7/16). Resistant at base, becomes recessive upward; 
partially covered ........................................ 30.5 
Contact gradational through 1 to 2 meters; picked at top of highest 
thick-bedded, very resistant sandstone. 
Unit U (lithofacies 3b) 
1. Sandstone: fine to very coarse sand; mostly coarse-
grained; rare, scattered angular pebbles (~11 mm) of white 
quartzite; moderate to well sorted; shale l i thocl asts 
molds up to 4 cm long; low porosity; silica cement; very 
thin to thin (1-5 mm) high- and medium-angle bottom-tangent 
(erosional) cross laminae; pi and minor nu cross 
stratification; medium to thick beds (average: 31 cm; 
range: 15-48 cm); bedding wedging and scoured; grayish 
purple (5P 4/2) ; weathers very light brown (5YR 7/4). 
Very resistant; forms low-lying, strike-ridge crest and 
2 6 fi 
cliff.................................................... 12.0 
Contact gradational through 1 meter; picked at base of lowest 
resistant, purple sandstone. 
Unit T (lithofacies 3a) 
1. Recessive sandstone with interbeds of resistant 
sandstone. Recessive sandstone: very fine- to fine-
grained; moderately well sorted; low to good porosity; 
silica cement; shale lithoclasts; mica-bearing, very thin 
1aminae (-1-1 mm); high- and medium-angle bottom-tangent 
cross laminae; herringbone cross laminae; current ripples 
contain muddy laminae; very thin to thin beds (2-4 cm); 
bedding parallel and wavy parallel; Diplichnites; moderate 
yellowish brown (lOYR 5/2); weathers moderate reddish 
brown (lOR 4/6). Resistant sandstone: very fine to fine 
sand; mostly fine-grained; well sorted; low porosity; 
silica cement; shale-lithoclast molds up to 2 cm long; 
mica-bearing; biotite partially altered to hematite; trace 
of glauconite; very thin laminae (1-3 mm); planar-parallel 
laminae; high- and medium-angle bottom-tangent (erosional 
and nonerosional) and low-angle-planar cross laminae; 
beta, alpha, xi, and minor nu cross stratification; thin 
to medium beds (average: 12 cm, range: 5-18 cm); bedding 
parallel; 11iplichnites; Skolithos; simple horizonal 
burrows; mold of a(?) medial lobe of a trilobita or 
trilobitamornha (W. David Liddell, oral comm., 1983); 
forms intervals 0.5-1 m thick between 1-2 m thick 
intervals of recessive sandstone. Unit forms gentle slope 
with steps ...............•..•...•........•..•.•.........• 24.0 
Contact sharp. 
Unit S (lithofacies 3b) 
1. Sandstone: fine grained; well sorted; low porosity; 
s1l1ca cement; shale-lithoclast molds up to 6 cm long; 
mica-bearing; very thin laminae (1-3 mm) high- and medium-
angle bottom-tangent (erosional) cross laminae; pi and 
minor nu cross stratification; medium to thick beds 
2 f. 7 
(average: 26 cm; range: 14-48 cm); bedding wedging and 
scoured; moderate yellowish brown (lOYR 7/2); weathers 
moderate brown (5YR 5/4); resistant; forms low-lying, 
laterally discontinuous strike ridge..................... 7.0 
Contact sharp. 
lJnit R (lithofacies 3a) 
2. Sandstone and mud rock. Sandstone: si 1 t to medium sr1nd; 
mostly very fine- to fine-grained; poor to well sorted; 
low to good porosity; silica cement; mica-bearing 
(muscovite·· biotite); micas concentrated in laminae; 
trace of glauconite; shale lithoclasts up to 2 cm long; 
very thin laminae ('1-3 mm); planar-parallel and wavy-
parallel laminae; high- and medium-angle bottom-tangent 
(erosional), and medium- to low-angle-planar cross 
laminae; nu, xi, and omikron cross stratification; current 
ripples contain muddy and silty laminae at base of 
interval; thin to thick beds (averaging: 10 cm; range: 
3-34 cm); bedding parallel and minor wedging; calcareous 
partings ass ociatd with planar-parallel laminae; 
spherical-weathering pits up to 5 mm in diameter; locally 
friable; pale yellowish brown (lOYR 7/2, lOYR 8/2) pale 
yellowish orange (lOYR 8/6), light brown (5YR 5/4), 
moderat~ olive green (5Y 6/2) and pale red (5R f./2); 
weathers pale yellowish brown (lOYR 7/2, lOYR 6/2), light 
brown (SYR 5/4, SYR 5/6), and moderate reddish brown 
(SYR 5/4). Mudrock: clay to very fine sand; locally 
scattered, well rounded, medium to very coarse sand; mica-
bearing; very thin laminae ('l mm); medium-angle bottom-
tangent cross laminae; current ripples contain silty and 
sandy laminae; very thin beds; dark reddish brown 
(lOR 3/4), dark yellowish brown (lOTR 8/2), moderate brown 
(5YR 4/4), light brownish gray (5YR 6/1), and minor pale 
olive (lOYR 6/2); locally mottled. Recessive; forms a 
mostly covered, gently sloping strike valley ............. 108.0 
Contact gradational through 16 meters; picked at base of lowest 
yellowish brown sandstone. 
Total 
1. Sandstone: very fine- to medium-grained; moderately well 
sorted; fair porosity; silica cement; trace of muscovite 
and glauconite; shale-lithoclast molds up to 3 cm long at 
base; very thin laminae (0.5-3 mm); planar-parallel 
laminae; high- and medium-angle bottom-tangent (erosional) 
and low-angle-planar cros laminae; nu with minor pi, 
omikron, and xi cross stratification; thin to medium beds 
(average: 13 cm; range: 4-20 cm); bedding parallel with 
some wedging and scoured; simple horizonal burrows; 
Skolithos; grayish red purple (5RP 4/2), and grayish red 
(SR 6/2); recessive forms gentle slope with steps .•...... 
thickness of Unit R ............•...•.....•...............•..• 
10.0 
118.0 
Contact gradational through 2-4 meters; picked at base of lowest 
thin-bedded, recessive sandstone. 
Unit Q (lithofacies 3b) 
---
1. Sandstone: very fine- to medium-grained; well sorted; low 
porosity; silica cement; shale-lithoclast molds up to 3 cm 
long; trace of glauconite; very thin to thin laminae 
(1-5 mm); high- and medium-angle bottom-tangent 
(erosional) cross laminae; pi and nu cross stratification; 
thin to thick beds (average: 35 cm; range: 7-100 cm); 
bedding wedging and scoured; resistant, forms a low-lying, 
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laterally discontinuous strike ridge ..................... 24.0 
Contact gradational through 18 meters; picked at base of lowest 
resistant, reddish purple sandstone of lithofacies 3b. 
Unit P (lithofacies 3a) 
2. Mud-shale, siltstone, with minor sandstone and dolostone. 
Mudrock: clay to very fine sand; mica-bearing; locally 
calcareous; heavy-mineral concentrations; very thin 
laminae ('1 mm); wavy-parallel laminae; medium-angle 
bottom-tangent cross laminae; current ripples; very thin 
to thin beds; bedding parallel; moderate grayish brown 
(5YR 4/2), grayish orange (l0YR 8/4), and moderate olive 
gray (5Y 5/2); weathers moderate brown (5YR 5/4, 5YR 3/4), 
and light olive gray (SY 6/1). Sandstone: very fine- to 
medium- grained; moderate to vrell sorted; low to good 
porosity; silica and rare carbonate cement; muscovite-
bearing; trace of glauconite; shale-lithoclast molds; very 
thin to thin laminae (0.5-4 mm); high- and medium-angle 
bottom-tangent (erosional) cross laminae; pi and nu cross 
stratification, thin to thick beds (averages: 19 cm; 
range: 4-48 cm); bedding wedging and scoured; rare, simple 
horizontal and vertical burrows; moderate yellowish orange 
(l0YR 7/6, l0YR 6/6), and very pale orange (l0YR 8/2); 
weathers moderate brown (5YR 5/4) and moderate grayish 
brown (5YR 4/2). Dolostone: micritic to very fine 
crystalline; vuggy porosity; very thin to thin laminae 
(1-4 mm); medium-angle bottom-tangent cross laminae; 
current ripples; present as very thin lenticular beds 
within siltstone only at base of interval; moderate brown 
(5YR 6/2); weathers grayish pink (SR 8/2). Recessive, 
forms a mostly covered dip slope and strike valley ......• 75.0 
Contact sharp. 
1. Iron-replaced ouartzose biomicrite: contains granules and 
pebbles of sandstone, quartzite, chert, and shale 
(5 largest clasts: 27, 20, 20, 15, and 13mm) at base; 
allochenes primarily are unidentified shell fragments; 
calcareous; stylolites; very thin laminae (1-2 mm); 
Total 
medium-angle bottom-tangent (erosional) cross laminae; pi 
and nu cross stratification; thin to thick beds (average: 
22cm; range: 5-d6 cm); bed thickness decreases upward; 
bedding wedging and scoured; grayish brown (5YR 3/2); 
weathers dusky yellow brown (lOYR 3/2); recessive, 
laterally discontinuous ................................. . 
thickness of Unit 3 ......................................... . 
Contact sharp, disconformity(?). 
Unit O (lithofacies 2a) 
1. Sandstone and minor mudrock. Sandstone: very fine to 
medium sand; mostly fine-grained; moderate to very well 
sorted; low to fair porosity; silica cement; mica-bearing 
(muscovite ·· biotite); shale-lithoclast molds up to 5 cm 
long; very thin to thin laminae (1-5 mm); minor planar -
parallel laminae; high- and medium-angle bottom-tangent 
(erosional, gradational l cross laminae; pi, nu, and lambda 
cross stratification; thin to thick beds (average: 18 cm; 
range: 3-60 cm); bedding wedging and scoured; fining 
upward cycles; raindrop imprints; rare Skolithos near top; 
Liesegang banding; pale reddish purple (5RP 5/2), and 
moderate red (5R 5/2), and grayish red (lOR 4/2). 
Mudrock: dark reddish brown (lOR 3/6), and moderate 
reddish brown (lOR 4/6). Resistant, fonns major strike 
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2.5 
293.0 
ridge. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61. 0 
Contact covered; picked at the base of lowest resistant sandstone 
outcrop. 
Unit N (lithofacies 2b) 
1. Sil t-shale and mud-shale with interbeds of sandstone and 
minor conglomeratic sandstone. Shale: clay to very fine 
sand; mud and silt interlaminated;mTca-bearing; very thin 
laminae ('1 mm); wavy-parallel laminae, nu cross 
stratification; very thin beds; dark reddish brown 
(lOR 3/4); weathers pale reddish brown (OR 5/4) and 
moderate orange pink (lOR 7/4). Sandstone: silt to fine 
sand; mostly very fine-grained; moderately well sorted; 
good porosity; silica cement; muscovite-bearing; very thin 
laminae ('1-1 mm); planar-parallel laminae; medium-angle 
bottom-tangent cross laminae; solitary, curved-crested 
current ripples and alpha cross stratification; very thin 
to thin beds (1-5 cm); bedding parallel; moderate reddish 
brown (lOR 4/4); weathers pale reddish brown (lOR 5/4). 
Conglomeratic sandstone: 5 to 10% angular to well rounded 
granules and pebbles (5 largest clasts: 33, 25, 23, 20, 
17 mm) of chert, quartzite, and shale in a groundmass of 
coarse sand; poorly sorted; fair to good porosity; silica 
cement; very thin to thin laminae (1-4 mm); high- and 
medium-angle bottom-tangent (erosional) cross laminae; pi 
cross stratification; present as one bed 9 cm thick 5 
meters above base; weathers moderate reddish brown (lOR 
4/4) and grayish red (lOR 4/2); recessive, upper 6 meters 
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covered .................................................. 20.0 
Contact sharp. 
Unit M (lithofacies 2b) 
1. Sandstone: very fine to medium sand; mostly fine-grained; 
moderate to well sorted; good porosity; silica cement; 
muscovite-bearing; trace of glauconite; very thin to trin 
laminae (1-4 mm); planar-parallel laminae; high- and 
. medium-angle bottom-tangent (nonerosional, erosional) 
cross laminael; alpha, pi, mu, and nu cross 
stratification; micas contrated in laminae within current 
ripples; oscillation ripples; thin to thick beds (average: 
15 cm; range: 3-50 cm); Liesegang banding; moderate red 
(5R 4/4); weathers moderate reddish brown (lOR 4/4); 
moderately resistant at base, becomes recessive near top .. 25.0 
Contact sharp. 
Unit L (lithofacies 2a) 
1. Sandstone and minor conglomeratic sandstone. Sandstone: 
very fine- to medium-qrained; well sorted; low porosity; 
silica cement; shale-lithoclast molds up to 6cm long; very 
thin laminae (1-3mm); minor planar-parallel laminae; high-
and medium angle bottom-tangent (erosional and 
gradational) cross laminae; pi, omikron, and minor nu and 
lambda cross stratification; thin to thick beds (average: 
25 cm; range: 5-nO cm); bedding wedging, wavy and scoured; 
Liesegang banding; moderate red (5R 5/2); ~eathers dark 
reddish brown (lOR 3/4), and light brown (5YR 5/6). 
Conglomerate sandstone: fine- to medium-grained 
groundmass with 1-10% angular to rounded chert and 
quartzite pebbles (5 largest clasts: 20, 20, 17, 13, 
13 mm); poorly sorted; pebbles concentrated in laminae; 
low porosity; silica cement; shale-lithoclast molds up to 
12 cm long; very thin to thin (1-5 mm) high- and medium-
angle bottom-tangent (erosional) cross laminae; pi and 
omikron cross stratification; thin to thick beds (average: 
23 cm; range: 6-40 cm); bedding wedging and scoured; 
Liesegang banding; pale reddish purple (5RP 6/2); weathers 
grayish red (SR 4/2) and light brown (5YR 5/6); present at 
top of unit. Resistant, forms strike-ridge crest and 
cliff; partial cover ..................................... 34.5 
Contact sharp. 
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Unit K (lithofacies 2b) 
1. Sandstone: silt to medium sand; mostly fine-grained; 
moderately well sorted; fair to good porosity; silica and 
minor carbonate cement; very thin laminae (1-2 rnm); 
planar-parallel laminae; high- and medium- angle bottom-
tangent (nonerosional, erosional) cross laminae; alpha, 
nu, and minor pi and omikron cross stratification; flat-
topred oscillation ripples; grouped, bifurcating sinuous-
crested wave ripples; muddy laminae locally; shrinkage 
cracks; thin to medium beds (average: 9.5 cm; range: 
3-26 cm); bedding parallel with some wedging; moderate red 
(5R 4/4); weathers moderate reddish brown (lOR 4/4); 
recessive, forms scarp slope with partially covered 
steps ........ ............................................ 75.0 
Contact sharp. 
l. Sandstone and siltstone. Sandstone: silt to fine sand; 
moderately well sorted; fair to good porosity; silica 
cement; very thin (0.5-1.0 mm) high- and medium-angle 
bottom-tangent (erosional, gradational, nonerosional) 
cross laminae; nu, lambda, and minor alpha cross 
stratification; medium beds (8-13 c~); bedding parallel; 
moderate red (SR 5/2); weathers moderate reddish brown 
(lOR 5/6) and pale red (SR 6/2). Siltstone: clay to very 
fine sand; very thin laminae (-1-1 mm); wavy-parallel 
laminae; low-angle bottom-tangent (nonerosional) cross 
laminae; current ripples with interlaminated mud and sand; 
very thin beds (1-3 cm); simple horizontal burrows; dark 
and moderate reddish brown (lOR 3/4, lOR 4/6). Recessive, 
forms partially covered saddle........................... 8.5 
Tota 1 thickness of Unit K.......................................... 81. 5 
Contact sharp. 
Unit J (lithofacies 2a) 
1. Sandstone: fine- to medium-grained; very coarse grains 
and granules concentrated in laminae near base; well 
sorted; low porosity; silica cement; shale-lithoclast 
molds up to 3 cm long; very thin to thin (1-4 mm) high-
and medium-angle bottom-tangent (erosional) cross laminae; 
pi (at base) and nu (at top) cross stratification; planar-
parallel laminae at top; thin to thick beds (average: 
27 cm; range: 5-50 cm); bedding wedging and scoured; bed 
thickness decreases upward; Liesegang banding; pale red 
(lOR 6/2); weathers light brown (5YR 6/2); resistant; 
forms low-lying, laterally discontinuous strike ridge.... 3.5 
Contact sharp. 
Unit I (lithofacies 2b) 
1. Sandstone: fine- to medium fine-grained; scattered very 
coarse grains and granules on bedding surfaces; well 
sorted; good porosity; silica cement; mica-bearing; thin 
laminae ('1-1 mm); planar-parallel laminae; hiqh- and 
medium-angle bottom-tangent (erosional, gradational) cross 
laminae; nu, lambda, and minor pi cross stratification; 
very thin to thick beds (average: 9 cm; range: 25-31 cm); 
bedding parallel; moderate grayish red (SR 7/2), moderate 
272 
reddish brown (lOR 5/6, lOR 4/6); recessive .............. 12.0 
Contact sharp. 
Unit H (lithofacies 2a) 
1. Sandstone: very fine to medium sand; mostly fine-grained; 
moderate to well sorted; fair to good porosity; silica 
cement; trace of mica; shale-lithoclast molds up to 3 cm 
long; very thin laminae (0.5-2 mm); planar-parallel 
laminae; high- and medium-angle bottom-tangent (erosional) 
cross laminae; omikron, pi, and nu cross stratification; 
thin to medium beds (average: 15 cm; range: 7-26 cm); 
bedding(?) psuedoparallel, wedging and scoured; 
liesegang banding; moderate red (SR 5/6); weathers pale 
reddish brown (lOR 5/6); resistant character ............. 5.0 
Contact sharp. 
Unit G (lithofacies 2b) 
1. Sandstone with minor interbeds of mudstone. Sandstone: 
very fine to medium sand with locally scattered very 
coarse sand; mostly fine-grained; moderately well sorted; 
fair porosity; silica cement; planar-parallel laminae; 
~igh and medium-angle bottom-tangent (nonerosional, 
gradational, and erosional) cross laminae; nu, and minor 
alpha and lambda cross stratification; thin to medium beds 
(average: 9 cm; range: 4-23 cm); bedding parallel; 
Liesegang banding; moderate red (SR 4/4); weathers similar 
(SR 5/4). Mudstone: dark reddish brown (lOR 3/6). 
Recessive ................................................ 17.5 
Unit F (lithofacies 2a) 
1. Sandstone: fine- to medium-grained; well sorted; low 
porosity; silica cement; shale-lithoclast molds up to 3 cm 
long; very thin to thin (1-5 mm) high- and medium-angle 
bottom-tangent (erosional) cross laminae; pi and nu cross 
stratification; thin to thick beds (average: 30 cm; range: 
6-80 cm); bedding wedging and scoured; Liesegang banding; 
oale brown (5YR 5/2); weathers light brown (5YR 6/4); 
resistant, laterally discontinuous....................... 3.0 
Contact sharp. 
Unit E (lithofacies 2b) 
1. Sandstone, siltstone and mudstone. Sandstone: Silt to 
coarse sand; mostly very fine- to fine-grained; moderate 
to well sorted; low to good porosity; silica cement; trace 
of muscovite; very thin laminae ('1-2 mm); planar-parallel 
and wavy-parallel laminae; high-, medium-, and low-angle 
bottom-tangent (nonerosional, erosional) cross laminae; 
solitary and grouped current ripples; very thin to thin 
beds (average: 3.5 cm; range: 1-8 cm); bedding parallel; 
raindroo imprints; shrinkage cracks; Runzelmarken; minor 
Liesegang banding; moderate red (5R 6/4), pale and 
moderate red di sh brown ( lOR 6/4, lOR 5/4, lOR 4/4), and 
pale yellowish orange (lOYR 8/6); weathers moderate brown 
(5YR 8/4), moderate red (SR 5/2), moderate reddish brown 
(lOR 5/6, lOR 4/4), and grayish orange (lOYR 7/4). 
Mudroc~: clay to fine sand; muscovite-bearing; very thin 
laminae ('1 mm); wavy-parallel laminae; medium-angle 
bottom-tangent cross laminae; current ripples; very thin 
beds; moderate and dark reddish brown (lOR 4/4, lOR 3/4), 
pale to dark yellowish orange (lOYR 8/6, lOYR 7/6, 
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lOYR 6/6). Recessive, forms saddle ......... .... ......... 29.5 
Contact sharp. 
Unit D (lithofacies 2a) 
1. Sandstone: fine to coarse sand; coarse sand concentrated 
Tn laminations; mostly medium-grained; moderately well 
sorted; low porosity; silica cement; shale-lithoclast 
molds up to 4 cm long; very thin (1-2 mm) high- and 
medium-angle bottom-tangent (erosional) cross laminae; pi 
and nu cross stratification; medium to thick beds 
(average: 38 cm; range: 28-53 cm); bedding wedging and 
scoured; pale and grayish red (5R 6/2, lOR 4/2); weathers 
grayish orange pink (5YR 7/2); resistant, forms laterally 
discontinuous lens 1.5 m thick and 70 m wide............. 2.5 
Contact sharp. 
Unit C (lithofacies 2b) 
1. Sandstone: silt to fine sand; mostly very fine- to fine-
grained; minor scattered, well rounded, coarse to very 
coarse grains; moderately well to poorly sorted; low to 
good porosity; silica cement; calcareous partings; 
muscovite-bearing; very thin laminae ('1-1 mm); planar-
parallel laminae medium-angle bottom-tangent (erosional, 
nonerosional) cross laminae; nu cross stratification; thin 
beds (5-9 cm); pale grayish red (lOR 5/2), moderate 
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reddish brown (l0R 4/4); weathers moderate reddish brown 
(l0R 4/4); recessive, mostly covered..................... 3.0 
Contact sharp. 
Unit B (lithofacies 2a) 
1. Sandstone: fine to coarse and; mostly medium-grained; 
grain size increases upward; well sorted; low porosity; 
silica cement; very thin to thin laminae (1-5 mm); high-
and medium-angle bottom-tangent (erosional) cross laminae; 
pi cross stratification; thick beds (65-90 cm); bedding 
wedging and scoured; grayish red (l0R 4/2); weathers light 
brown (5YR 6/4); resistant............................... 7.5 
Total thickness of Unit 2 .......................................... 307.5 
Contact sharp. 
Unit A (lithofacies la) 
4. Sandstone: very fine to medium sand; scattered, well 
rounded coarse grains on bedding surfaces at top; 
morlerately well to \..,ell sorted; sorting and grain size 
increase upward; good porosity; silica and minor carbonate 
cement; mica-bearing; very thin laminae (0.5-3 mm); 
planar-parallel laminar; high-, medium-, and low-angle 
bottom-tangent ( nonerosi onal, erosional) cross 1 aminae; 
mu, alpha, and nu cross stratification; very thin to 
medium beds (average: 6 cm; range: 2-15 cm); bedding 
parallel; pale reddish brown (l0R 5/4, l0R 6/4), moderate 
red (SR 6/4); weathers moderate brown (5YR 5/4); 
recessive, partial cover ................................. 13.0 
3. Silts ton e, mudstone, and sandstone. Mudrocks: clay to 
very fine sand; rare scattered, well rounded medium sand; 
very thin laminae ('1 mrn); wavy-parallel laminae; mica-
bearing; calcareous partings; dark reddish brown 
(l0R 3/4). Sandstone: silt to medium sand; mostley very 
fine- to fine-grained; moderate to well sorted; low to 
good porosity; silica cement; mica-bearing; very thin to 
thin laminae (1-4 mm); medium-angle bottom-tangent cross 
laminae; nu cross stratification with minor interlaminated 
sand and mud; minor alpha cross stratification; thin beds 
(3-9 cm); moderate reddish brown (l0R 4/4), and moderate 
red (SR 4/4); weathers dark reddish brown (l0R 4/6, 
l0R 3/6) and light brown (5YR 6/4). Recessive, partial 
cover. . .................................................. 52.0 
2. Sandstone with minor interbeds of mud-shale. Sandstone: 
silt to medium sand; minor coarse sand locally; mostly 
very fine- to fine-grained; overall, grain size increases 
upward; moderately sorted; low to good porosity; silica 
and minor carbonate cement; mica-bearing; glauconite-
bearing; heavy minerals concentrated in laminae locally; 
very thin to thin laminae (0.5-4 mm); rlanar-parallel 
laminae; high- and medium-angle bottom-tangent 
(nonerosional, gradational, erosional) cross laminae; nu, 
alpha, and lambda cross stratification; very thin to thick 
beds (average: 15 cm; range 1-78 cm); overall, bed 
thickness increases upward; pale reddish purple (5RP 6/2), 
moderate red (5R 4/4); weathers moderate brown (5YR 4/4), 
and moderate reddish brown (lOR 6/4). Mud-shale: very 
thin wavy-parallel laminae (-1 mm); mica-bearing; dark 
reddish brown (lOR 3/4); weathers similar (lOR 4/4). 
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Recessive ................................................ 25.0 
1. Silt-shale and mud-shale. Siltshale: clay to very fine 
sand; mica-bearing; very thin laminae (-1 mm); wavy-
parallel and wavy-discontinuous laminae; very thin beds; 
moderate reddish brown (lOR 4/4); weathers same and 
grayish red (lOR 4/2). Mud-shale: grayish red (5R 4/2) 
and dark reddish brown (lDR 3/6). Recessive, nartially 
covered ................................................. . 
Total thickness of Unit 1. ....... .... ....... ...... ................ . 
Total thickness of Arumbera Sandstone .... .... ..... ............... . . 
Contact picked at slope and color change. 
Pertatataka Shale 
1. Siltsto ne: clay to very fine sand; rare, well rounderl 
medium to coarse sand; muscovite-bearing; very thin 
laminae (·1-2 mm); wavy-parallel and planar-parallel 
laminae; high-angle bottom-tangent cross laminae; grouped, 
curved-crested current ripples; very thin to thin beds 
(1-10 cm); pale yellowish orange (lOYR 8/6), moderate 
reddish orange (lOR 6/4), and moderate red (5R 4/4); 
weathers grayish orange (lOYR 7/4), moderate yellowish 
brown (lOYR 7/2), moderate red (5R 5/2), very pale orange 
(lOYR 8/2), and light brown (5YR 6/4); recessive, 
55.5 
145.5 
746.0 
forms mostly covered strike valley ....................... 249.0 
Total thickness of Pertatataka shale ............................... 249.0 
Contact covered; picked at top of highest chert-bearing outcrop. 
Julie Formation 
Subunit 2 
1. Sandstone with interbeds of siltstone which contain 
nodules and stringers of chert. Sandstone: silt to 
granules; mostly fine- to medium-grained; noorly sorted; 
good porosity; silica cement; shale lithoclasts up to 4 cm 
long; very thin laminae (-1-1 mm); planar-parallel 
laminae; high-, medium-, and low-angle bottom-tangent 
cross laminae; nu cross stratification; clay partings; 
Fe/Mn gossan; thin beds (3-9 cm); load deformation; heavy-
mineral concentrations; grayish orange (lORY 7/4); 
weathers moderate yellowish brown (lOYR 5/4). Silstone: 
scattered medium sand; very thin ('1 mm) wavy-parallel 
laminae; thin beds (3-7 cm); fresh and weathers colors 
similar to sandstone. Chert: light gray (N8); weathers 
same; silicified ooids up to 0.5 mm in diameter; forms 
nodules up to 9 cm thick and 15 cm long, and stringers up 
to 5 cm thick; nodules are enclosed in thin envelopes of 
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fine-crystalline calcite. Recessive ............ . ........ 37.5 
Contact picked at base of lowest chert-bearing outcrop. 
Total 
Subunit 1 
1. Sandstone: very fine to coarse sand; mostly medium-
grained; moderate to well sorted; low porosity; silica 
cement; shale-lithoclast molds up to 4 cm long; very thin 
to thin laminae (1-7 mm); planar-parallel laminae; high-
angle bottom-tangent (nonerosional, erosional) cross 
laminae; alpha, and nu cross stratification; thin to thick 
beds (1-45cm); spherical-weathering pits up to 3 mm in 
diameter; moderate brownish gray (5YR 7/1), pale brown 
(SYR 5/ 2) , and grayish red purple (5RP 4/2); weathers 
grayish orange pink (5YR 7/2), moderate brown (5YR 3/4), 
and moder ate red (5R 4/4); moderately resistant, forms 
low-ly i ng strike ridge; par tial cover ......... . ......... . 
thickne ss of Julie Formation ............................. . .. . 
65. 0 
102.5 
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STRATIGRAPHIC SECTION 7 
STOKES PASS 
Location: Approximately 28 km NNW of Undandita Native Camp, 
Northern Territory, Australia. Base of traverse is 
situated on the Hermannsburg 1:250,000 geologic map at 
coordinates 523,800 yards east and 2,067,100 yards north. 
Measured by: Lonn P. Hamp, Peter Kotz, and Mick Talbot. Taped. 
18-25 August 1983. 
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Goyder Formation 
Thickness 
in Meters 
1. White and yellow sandstone with minor interbeds of shale. - - -
Contact covered; picked at base of lowest outcrop of white-
weathering sandstone at base of pediment slope. 
?Cleland Sandstone? 
1. Sandstone : silt to fine sand; mostly very fine-grained; 
moderately sorted; good porosity; silica cement; 
muscovite-bearing; arkose; very thin laminae (0.5-1 mm); 
planar-paralled laminae; medium-angle bottom-tangent cross 
laminae; pi and nu cross stratification; rare synnnetrical 
ripples; isolated current ripples within sets of planar-
parallel laminae; thin to medium beds (4-30 cm); pale 
yellowish brown (lOYR 7/2), and yellowish gray (5Y 7/2); 
weathers light brown (5YR 5/4), and rale yellowish brown 
(lOYR 7/2); poorly exposed, probably contains rhythmic 
interbeds of mudrock especially in upper part ............ 78.0 
Total thickness of (?)Cleland Sandstone ............................ 78.0 
Contact covered; picked at base of lowest light brown sandstone. 
3. Mudrock and sandstone. Mudrock: mostly covered; minor 
outcrops of siltshale; clay to very fine sand; very thin 
laminae (·1 nnn); wavy-parallel and wavy-discontinuous 
laminae; current ripples (nu); moderate reddish brown 
(lOR 4/6). Sandstone: silt to medium sand; mostly very 
fine-to fine-grained; moderate to well sorted; low to good 
porosity; silica and minor carbonate cement; mica-bearing; 
rare glauconite; heavy minerals concentrated in 
laminations near base; very thin laminae (0.5-1 nnn); 
planar-parallel laminae; high- and medium-angle bottom-
tangent (erosional) cross laminae; pi, nu, and minor 
omikron cross stratification; nu cross strata form scours 
in planar-parallel laminae locally; sets of planar-
parallel laminae are fissile locally; very thin to thick 
beds (average: 12 cm; range 1.5-50 cm); bedding wedging 
and scoured; moderate red (SR 5/2), pale yellowish brown 
(lOYR 7/2) grayish orange red (lOR 7/2), light olive gray 
(SY 6/1), and light gray (N7); weathers moderate reddish 
brown (lOR 5/6), grayish yellow brown (lOYR 6/4); pale 
grayish red (lOR 5/2); grayish orange brown (SYR 6/2), and 
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pinkish gray (SR 8/2). Recessive; mostly covered ........ 269.0 
2. Silt-shale with minor calcareous dolostone and sandstone. 
Silt-shale: clay to very fine sand; mica-bearing; 
calcareous; very thin laminae ('1 mm); wavy-parallel 
laminae; nu cross stratification; thin beds; moderate 
reddish brown (lOR 5/6), pinkish gray (lOR 8/2), and very 
pale orange (lOYR 8/2). Dolostone: micritic- to very 
fine-crystalline; silt to very fine sand; calcareous; 
chipwacke locally; very thin laminae (1-2 mm); medium-
angle bottom-tangent (erosional) cross laminae; current 
ripples; thin to medium beds (5-11 cm); forms lenses and 
interbeds within shale; pale orange brown (lOYR 7/2); 
weathers pale yellowish brown (lOYR 5/2). Sandstone: 
silt to fine sand; poorly sorted; low porosity; silica 
cement; mica-rich; very thin laminae ('0.5-1 mm); wavy-
parallel laminae; high- and medium-angle bottom-tangent 
(erosional) cross laminae; nu cross stratification; 
riprles contain laminae of mud; very thin to thin beds 
(2-5 cm); grades into silt-shale at upper and lower 
contacts; moderate red (SR 5/2); weathers grayish red 
(SR 3/2). Recessive character; partial cover ............ 100.0 
1. Siltstone with interbeds of sandstone. Siltstone: clay 
to very fine sand; mica-bearing to mica-rich; calcareous; 
minor dolomitic; very thin laminae ('0.5-2 mm); wavy-
parallel and wavy-nonparallel laminae; medium- and low-
angle bottom-tangent cross laminae; isolated and grouped, 
curved-crested current ripples; very thin to thin beds 
(average: 4 cm; range: 2-8 cm); bedding parallel to 
wedging; moderate to pale red (SR 5/2, lOR 6/2), grayish 
pink orange (5YR 7/2), yellowish gray (SY 7/2), pale 
orange (lOYR 8/2), pale reddish brown (lOR 4/4), pinkish 
gray (SYR P./1), and yellowish olive gray (SY 6/2); 
weathers pale reddish brown (lOR 5/2), grayish orange 
brown (SYR 6/2), very pale orange (lOYR 8/2), light brown 
(SYR 6/4), grayish orange (lOYR 6/4), and very light gray 
(N8). Sandstone: silt to fine sand; mostly very fine-
grained; moderately well sorted; low to good porosity; 
silica and carbonate cement; mica-bearing; very thin 
laminae (0.5-2 mm); planar-parallel laminae; high-, 
medium-, and low-angle bottom-tangent (erosional) cross 
laminae; nu and pi cross stratification; very thin to 
medium beds (average: 8 cm; range: 2-21 cm); bedding 
wedging, scoured, and parallel or pseudoparallel; rare 
Liesegang banding; spherical-weathering pits 3-4 mm in 
diameter; pale red (SR 6/2), moderate and 9rayish red 
(SR 5/2, l0R 5/2), yellowish olive gray (SY 6/2), grayish 
orange brown (l0YR 6/4), grayish pink (SR 7/2); weathers 
moderate reddish orange (l0R 5/6), grayish orange 
(l0YR 7/4), grayish red (l0R 5/2, SR 4/2), and grayish 
brown (SYR 4/2). Recessive character, basal 63 mare 
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covered .................................................. 121.0 
Total thickness of Hugh River Shale ....•....•...............••..... 490.0 
Contact covered; pickerl at top of highest outcrop of yellowish 
orange sandstone. 
Arumbera Sandstone 
Unit T (lithofacies 3a) 
1. Sandstone: very fine to .fine sand; well sorted; good 
porosity; silica cement; mica-bearing; very thin laminae 
( 0. 5-1 mm); high-angle bottom-tangent (erosional ) cross 
laminae; nu cross stratification; thin beds (5-6 cm); pale 
yellowish orange (l0YR 8/6); weathers moderate reddish 
brown (l0R 4/6) and dark yellowish orange (l0YR 6/6); 
recessive, mostly covered ..........................•..... 11.5 
Contact covered; picked at top of highest outcrop of grayish purple 
sandstone. 
Unit S (lithofacies 3b) 
1. Sandstone: fine to medium sand with rare pebbles ('5 mm) 
of angular to rounded chert; mostly medium-grained;-well 
sorted; good porosity; silica cement; glauconite-bearing; 
mica-bearing; shale-lithoclast molds up to 2 cm long; very 
thin laminae (0.5-2 mm); high- and medium-angle bottom-
tangent (erosional) cross laminae; pi and nu cross 
stratification; thin to medium beds (average: 12 cm; 
range: 4-29 cm); bedding wedging and scoured; grayish 
orange pink (l0R 8/2), grayish pink (SR 7/2), and grayish 
purple (SP 5/2); weathers grayish orange pink (SYR 7/2) 
and moderate red (SR 5/2); resistant; forms crest of low-
1 y i n g st r i k e r i d ge . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 • 0 
Contact covered; picked at base of lowest resistant sandstone 
outcrop on strike ridge. 
Unit R (lithofacies 3a) 
1. Mostly covered interval of shale and sandstone. Mud-
shale: clay to very fine sand; mica-bearing; verythin 
laminae ('l mm); wavy-parallel and wavy-discontinuous 
laminae; nu cross stratification; grayish red (l0R 4/2) 
and dark yellowish orange (l0YR 5/6); weathers grayish red 
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(lOR 5/2). Sandstone: very fine to fine sand; mostly 
fine-grained; well sorted; good porosity; silica cement; 
minor light green muddy laminae; mica-bearing; locally 
mica-rich; trace of glauconite; shale-lithoclast molds; 
very thin laminae (0.5-1 mm); planar-parallel laminae; 
medium-angle bottom-tangent (erosional) cross laminae; nu 
and minor pi cross stratification; thin to medium beds 
(average: 6 cm; range: 3-13 cm); bedding parallel, wedging 
and scoured; spherical weathering pits 3-4 mm in diameter; 
Diplichnites; grayish orange pink (5YR 7/2); weathers 
grayish orange brown (SYR 6/2). Recessive, forms mostly 
covered strike valley .................................... 216.0 
Contact covered; picked at top of highest resistant standstone 
outcrop. 
Unit O (lithofacies 3b) 
1. Sandstone: very fine to medium sand; mostly fine-grained; 
moderately sorted; low porosity; silica cement; shale-
lithoclast molds up to 2 cm long; very thin laminae 
(0.5-2 mm); high- and medium-angle bottom-tangent 
(erosional) cross laminae; pi and nu cross stratification; 
thin to thick beds (average: 21 cm; range: 7-43 cm); 
bedding wedging and scoured; pale orange brown (lOYR 7/2); 
weathers gray orange brown (lOYR 6/4); resistant, forms 
low-lying strike ridge ........ . ... . .......... . ...... . ... . 25.0 
Contact covered; picked at base of lowest sandstone outcrop. 
Unit P (lithofacies 3a?) 
1. Covered interval ......................................... 41.0 
Contact covered; picked at top of highest sandstone outcrop. 
Unit O (lithofacies 3b) 
1. Sandstone: very fine to medium sand; mostly fine-grained; 
moderately sorted; low porosity; silica cement; shale-
lithoclast molds up to 2 cm long; mica-bearing; very thin 
laminae (0.5-1 mm); high- and medium-angle bottom-tangent 
(erosional) cross laminae; nu and pi cross stratification; 
thin to medium beds (6-20 cm); bedding wedging and 
scoured; Fe/Mn gossan; spherical-weathering pits 3-4 mm in 
diameter; grayish orange (lOYR 7/4); weathers grayish 
brown (5YR 4/2); moderately resistant.................... 8.0 
Contact covered; picked at base of lowest sandstone outcrop. 
Unit N (lithofacies 3a?) 
1. Silt-shale: clay to very fine sand; mica-bearing; nu 
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cross stratification; yellowish orange (lOYR 6/2); 
weathers pale yellowish brown (lOYR 6/2); partial 
cover.................................................... 7.5 
Contact covered; picked at top of highest sandstone outcrop. 
Unit M (lithofacies 3b) 
1. Sandstone: very fine to medium sand; mostly fine-grained; 
moderately sorted; good porosity; silica cement; mica-
bearing; very thin laminae (0.5-1 mm); high- and medium-
angle bottom-tangent (erosional) cross laminae; nu and pi 
cross stratification; thin to medium beds (average: 14 cm; 
range: 5-29 cm); bedding wedging and scoured~ sets of 
vertical joints with Fe/Mn gossan along joint surfaces; 
spherical weathering pits 2-3 mm in diameter; yetlowish 
orange (lOYR 7/2); weathers grayish orange (lOYR 6/4); 
moderately resistant ..................................... 13.5 
Contact covered; picked at base of lowest sandstone outcrop. 
Unit L (lithofacies 3a?) 
1. Covered interval ......................................... 24.0 
Total thickness of Unit 3 .......................................... 363.5 
Contact covered; picked at top of highest sandstone outcrop. 
Unit K (lithofacies 2a) 
1. Sandstone: silt to coarse sand with rare rounded to 
angular gravel ('3 cm); mostly very fine- to fine-
grained; poor to-moderately sorted; low to good rorosity; 
silica and rare carbonate cement; trace of muscovite; 
shale lithoclasts and molds up to 6 cm; high- and medium-
angle bottom-tangent (erosional) cross laminae; pi and nu 
cross stratificationn; locally furiously cross-stratified; 
thin to thick beds (average 21 cm; range: 5-65 cm); 
bedding wedging and scoured; minor Liesegang banding; rare 
spherical weathering pits; moderate red (SR 5/2) and light 
brown (SYR 6/4); weathers pale reddish brown (lOR 5/4), 
moderate reddish orange (lOR 5/6), and light brown 
( SYR 5/6); resistant .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. . 77. 5 
Contact sharp. 
Unit J (lithofacies 2c) 
1. nrthoconglomerate: angular to rounded granules and 
pebbles (*3.5 cm) of chert (rare silicified ooids), 
quartzite--; and rare vein quartz with a silty to very 
coarse-grained groundmass; groundmass is mostly coarse 
sand; poorly sorted; low porosity; silica cement; very 
2 8 fi 
thin to thin laminae (1-5 mm); wavy-parallel laminae; 
medium-angle bottom-tangent (erosional) cross laminae; pi 
and minor nu cross stratification; thick beds (average: 
55 cm; range: 30-80 cm); bedding wedging and scoured; 
moderate red (SR 4/2); weathers similar (5R 5/2); very 
resistant; forms laterally-discontinuous strike ridge.... 5.0 
Contact sharp. 
Unit I (lithofacies 2b) 
2. Sandstone: silt to medium sand with rare coarse to very 
coarse sand; mostly fine-grained; moderate to poorly 
sorted; low to good porosity; silica and carbonate cement; 
mica-bearing; very thin laminae (0.5-2 mm); high- and 
medium-angle bottom-tangent (erosional) cross lamiane; pi 
and nu cross stratification; thin to thick beds (average: 
17 cm; range: 5-38 cm); bedding wedging and scoured; 
moderate red (SR 5/2, 5R 4/4), and very pale orange 
(l0YR P/2); weathers pale reddish brown (l0R 5/4), dark 
reddish brown (l0R 3/4), and grayish orange red (l0R 7/2); 
recessive, partial cover .......................... . . . .... 19.0 
1. Silt-shale: clay to very fine sand; calcareous; mica-
bear,ng; very thin laminae ('1 mm); wavy-parallel laminae; 
nu cross stratification; moderate reddish brown 
(l0R 4/4)..... . . ... . .. . . .. . . . . . . . . .. . . ... .. . .. .... .. .. . .. 5.5 
Total thickness of Unit I. ......................................... · 24.5 
Contact sharp. 
Unit H (lithofacies 2c) 
1. 0rthoconglomerate: angular to rounded granules and 
pebbles ( 3.5 cm) of chert (rare silicified ooids) and 
quartzite-with silty to very coarse-grained groundmass; 
groundmass is mostly coarse sand; poorly sorted; low 
porosity; silica cement; very thin to thin laminae 
(1-5 mm); wavy-parallel laminae; medium-angle bottom-
tangent (erosional) cross laminae; pi cross 
stratification; medium to thick beds (average: 31 cm; 
range: 18-38 cm); bedding wedging and scoured; moderate 
red (5R 4/2); weathers similar (5R 5/2); very resistant; 
forms laterally discontinuous strike ridge .............. . 
Contact covered; picked at base of lowest outcrop of conglomerate. 
Unit G (lithofacies 2b?) 
6.3 
1. Covered interval ......................................... 43.0 
Contact covered; picked at top of highest outcrop of conglomerate 
sandstone. 
Unit F (lithofacies 2a) 
2. Conglomerate sandstone: 2-10% well rounded to angular 
granules and pebbles (~1.5 cm) of quartzite, chert with 
rare silicifed ooids, and vein quartz in fine- to medium-
grained groundmass; rare lenses of orthoconglomerate; poor 
to well sorted; low porosity; silica cement; very thin to 
thin (1-5 mm) medium angle bottom-tangent (erosional) 
cross laminae; pi cross stratification; medium to thick 
beds (average: 27 cm; range 18-35 cm); bedding wedging and 
scoured; moderate red (SR 5/2); weathers dark grayish red 
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(lOR 3/2); resistant..................................... 1.8 
Contact sharp. 
1. Sandstone: silt to coarse sand; mostly very fine- to 
fine-grained; medium- to coarse-grained laminae locally; 
moderate to well sorted; fair to good porosity; silica 
cement; trace of muscovite; shale-lithoclast molds up to 
3 cm long; very thin laminae (0.5-2 mm); minor planar-
parallel laminae; high-, medium-, and low-angle bottom 
tangent (erosional) cross laminae; pi and minor nu and 
omikron cross stratification; locally furiously cross-
stratified; thin to thick beds (average: 20 cm; range 
5-50 cm); bedding wedging and scoured; Liesegang banding; 
pale and moderate red (SR 6/2, SR 5/2); weathers moderate 
reddish brown (lOR 5/6), lOR 4/4), and moderate red 
(lOR 5/5); resistant; forms broad crest of strike 
r i d ge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 3. 1 
Total thickness of Unit F .......................................... 134.9 
Contact sharp and scoured. 
Unit E (lithofacies 2b) 
2. Sandston e and minor mudrock. Sandstone: silt to very 
coarse sand; mostly very fine- to fine-grained; moderate 
to well sorted; fair to good porosity; silica cement; 
muscovite bearing; shale-lithoclast molds up to 4 cm long; 
very thin laminae (0.5-2 mm); planar-parallel laminae with 
local concentrations of heavy minerals in laminae; high-, 
medium-, and low-angle bottom-tangent (erosional) cross 
laminae; recessive, parallel beds of planar-parallel 
laminae and osillation ripples alternate with resistant, 
wedging and scoured beds of pi, nu, and mu cross 
stratification; bifurcating, sinuous-crested wave ripples; 
isolated, curved-crested dunes; very thin to thick beds 
(average 10 cm; range 1-50 cm); pale red (SR 6/4); 
weathers moderate reddish brown (lOR 5/6). Mudrock: 
moderate reddish borwn (lOR 4/4). Forms scaro slope with 
partially covered steps .................................. 21.7 
2 8 P. 
1. Covered interval, forms saddle ........................... 37.4 
Total thickness of Unit E.... .... .. .. .. .. .. .. . . .. . . .. . . .. .. .. .. .. .. 59.1 
Contact covered; picked at top of highest sandstone outcrop. 
Unit D (lithofacies 2b) 
1. Sandstone: very fine- to fine-grained with very coarse, 
well rounded quartz grains scattered on bed surfaces; 
moderate to well sorted; low to fair porosity; silica 
cement; mica-bearing; very thin to thin laminae (1-4 mm); 
planar-parallel and wavy-parallel laminae; low- and 
medium-angle bottom-tangent (erosional and nonerosional) 
cross laminae; nu and mu cross stratification; bifurcating 
oscillation ripples; interference oscillation ripples; 
very thin to medium beds (average: 7 cm; range: 2-22 cm); 
bedding wedging to parallel; beds are fissile at base; 
moderate red (SR 5/2); weathers moderate reddish brown 
(lOR 4/4); resistant..................................... 7.7 
Contact covered; picked at base of lowest sandstone outcrop. 
Unit C (lithofacies 2b?) 
1. Sandstone : very fine-grained; moderately sorted; fair 
porosity; silica cement; mica-hearing ; nu cross 
stratification; recessive, mostly covered ............... . 
Contact covered; picked at top of highest resistant sandstone 
outcrop. 
Unit B (lithofacies 2a) 
1. Sandstone: fine- to coarse-grained; moderately sorted; 
low porosity; silica cement; rare micas; shale-lithoclast 
molds up to 4 cm long; very thin to thin (1-5 rmn) medium 
and high-angle bottom-tangent (erosional) cross laminae; 
pi and nu cross stratification; thin to thick beds 
(average 23 cm; range: 4-66 cm); bedding wedging and 
scoured; Liesegang banding; moderate red (SR 5/2), pale 
red (5R 6/2); weathers pale reddish brown (lOR 6/6) and 
grayish red (lOR 4/2); resistant; forms crest of strike 
r i dge .................................•...... · · · · · · · · · · · · 
Total thickness of Unit 2 ......................................... . 
Contact sharp and scoured. 
Unit A (lithofacies la) 
2. Sandstone and silt-shale. Sandstone: silt to very coarse 
sand; mostly very-fine to f1ne-gra1ned; poor to well 
sorted; low to good porosity; silica and minor carbonate 
cement; mica-bearing; heavy minerals concentrated in 
2.5 
7.0 
367.5 
laminae; shale-lithoclase molds; very thin to thin laminae 
(1-4 mm); planar-parallel laminae; medium- and high-angle 
bottom-tangent (erosional, gradational, nonerosional) and 
low-angle-planar cross laminae; nu, pi, alpha, beta, 
gamma, xi and lambda cross stratification; very thin to 
thick beds (average: 9 cm; range: 2-80 cm); bedding 
wedging, wavy, and scoured and parallel; Liesegang 
banding; minor load deformation; grayish red (lOR 5/2, 
lOR 4/2) pale red (SR 6/2) and minor reddish purple (5RP 
5/2) light olive gray (5Y 4/6), and light gray (N7); 
weathers moderate reddish brown (lOR 5/6, lOR 4/6), pale 
reddish orange (lOR 7/6) and minor light brown (5YR 5/6). 
Silt-shale: clay to fine sand; mica-bearing; very thin 
laminae ( 1-2 mm); wavy- and planar-parallel laminae; 
minor current ripples (nu); very fine sand and silt are 
interlaminated locally; very thin to thin beds (average 
2 cm; range: 0.5-5 cm); moderate reddish brown (lOR 5/4, 
lOR 4/4), grayish red (lOR 4/2), yellowish gray (5Y 8/1), 
and pale olive (lOY 6/2); weathers moderate reddish brown 
(lOR 4/4, lOR 5/6), light olive gray (5Y 6/1) and pale 
pink ( 5RP 8/2). Recessive, forms scarp slope of strike 
289 
ridge .................................................... 113. 7 
Contact covered; picked at base of lowest sandstone outcrop. 
1. Interval covered by sandstone talus ...................... 75.0 
Total thickness of Unit 1 .......................................... 188.7 
Total thickness of Arumbera Sandstone .............................. 919.7 
Contact covered; picked at slope change in field. Corresponds to a 
laterally traceable color change on aerial photographs. 
Pertatataka Formation 
1. Covered interval with minor outcrops of variegated 
red and green, noncalcareous shale ....................... ..:_291.0 
Contact covered; picked at top of highest sandstone outcrop. 80 
meters above contact, light gray (N8) chert cobbles which contain 
silicified ooids are present in alluvium. Subunit 2 of the Julie 
Formation probably is present, but covered. 
Ju 1 i e Formation 
Subunit 1 
1. Light brown sandstone with shale interbeds; forms low-
lying strike ridge....................................... 48.4 
Total thickness of Julie Formation ................................... 48.4 
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STRATIGRAPHIC SECTION 8 
HAAST BLUFF 
Location: Approximately 13 km SE of Haast Bluff Native Settlement 
and 37 km NWW of Undandita Native Camp. Base of traverse 
is situated on the Mt. Liebig 1:250,000 geologic map at 
coordinates: 508,200 yards east and 2,069,600 yards 
north. Top of traverse is situated at coordinates: 
505,800 yards east and 2,067,900 yards north. 
Measured by: Lonn P. Hamp and Mick Talbot. Taped. 3-11, 16-17 
August, 1983. 
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Cleland Formation 
Thickness 
in Meters 
1. light yellowish gray, fine-grained sandstone; forms low-
lying hills within major strike valley .................. . 
Contact covered; picked at top of highest resistant, reddish-orange 
sandstone outcrop. 
Arumbera Sandstone 
Unit M (lithofacies 4a) 
2. Sandstone with minor lenses of silt-shale. Sandstone: 
silt to medium sand; mostly fine-grained; moderately well 
sorted; good porosity; silica cement; shale-lithoclast 
molds up to 3 cm long; very thin laminae (0.5-2 mm); high-
and medium-angle bottom-tangent (erosional) cross laminae; 
minor planar-parallel laminae; pi, omikron, and minor nu 
cross stratification; thin to thick beds (average: 27 cm; 
range: 6-58 cm); bedding wedging and scoured; bed 
thickness and grain size increase upward; Liesegang 
banding; spherical weathering pits; light red (SR 6/6), 
and pale yellowish orange (lOYR 8/6); weathers moderate 
reddish orange (lOR 6/6) and light brown (5YR 6/6). 
Silt-shale: current ripples; weathers similar to 
sandstone. Resistant, forms steep scarp slope, crest and 
dip slope of low-lying strike ridge ...................... 40.8 
Contact covered; picked at base of lowest sandstone outcrop at base 
of scarp slope. 
1. Sandstone with minor lenses of silt-shale. Sandstone: 
silt to coarse sand; mostly very fine-grained; moderately 
to well sorted; good porosity; silica cement; muscovite-
bearing; shale-lithoclast molds up to 5 cm long; very thin 
laminae (0.5-2.0 mm); high- and medium-angle bottom-
296 
tangent (erosional) cross laminae; planar-parallel laminae 
with rare internal scours; pi, omikron, and minor nu cross 
stratification; medium to thick beds (average: 25 cm; 
range: 10-75 cm); bedding wedging and scoured; Liesegang 
banding; rare load casts 3 to 4 cm in diameter; spherical 
weathering pits; moderate red (5R 5/2) and light red 
(5R 6/4); weathers moderate reddish brown (l0R 4/4), 
moderate red (5R 5/4), light brown (5YR 5/6) and moderate 
reddish orange (l0R 5/6). Silt-shale: very fine sand; 
mica-rich; very thin laminae ( 1-1 mm); wavy-parallel 
laminae; high- and medium-angle bottom-tangent (erosional) 
cross laminae; nu cross stratification; weathers similar 
to sandstone. Resistant, locally friable; fonns scarp 
slope, crest, and dip slope of strike ridge; partial talus 
cover .................................................... 165.5 
Total thickness of Unit 4 ................................•......... 206.3 
Contact covered through a stratigraphic thickness of 18 m; picked at 
bsae of lowest moderate red sandstone. 
Unit L (lithofacies 3b) 
1. Sandstone and silt-shale. Sandstone: silt to medium 
sand; mostly very fine-grained; fine-grained at top; 
moderately sorted; moderate to good porosity; silica 
cement; shale-lithoclast molds up to 2 cm long; mica-
bearing; very thin laminae (0.5-2 mm); high- and medium-
angle bottom-tangent (erosional and gradational) cross 
laminae; planar-parallel laminae with silty, micaceous 
partings; nu, pi, and lambda cross stratification; thin to 
thick beds (average: 12 cm; range 3-41 cm); bedding 
wedging, scoured, and locally wavy; Liesegang banding; 
vertical joint sets; spherical weathering pits; grayish 
brown (SYR 6/1), very pale orange (l0YR 8/2), and grayish 
orange pink (5YR 7/2); weathers moderate red (5R 5/2), 
grayish orange pink (5YR 7/2), and light brown (5YR 5/4). 
Silt-shale: clay to very fine sand; mica-bearing; very 
thin laminae ('1 mm) wavy-parallel laminae; current 
ripples; dark yellowish orange (l0YR 5/6), moderate 
reddish brown (l0R 5/6), and pale yellowish orange 
(l0YR 8/6); weathers very pale orange (l0YR 7/2), pale red 
(l0R 6/2), and grayish orange (l0YR 7/4); present as minor 
lenses within sandstone and intercalated between major 
sets of sandstone beds. Partially covered ............... 57.5 
Contact gradational through 1 m, picked at base of lowest sandstone 
bed. 
Unit K (lithofacies 3a) 
2. Silt-shale: clay to very fine sand; mica-bearing; very 
thin laminae ('1 mm); wavy-parallel and wavy-discontinuous 
laminae; medium- and low-angle bottom-tangent (erosional 
and nonerosional) cross laminae; nu and mu cross 
stratification; very thin beds (1-3 cm); bedding parallel 
to slightly wedging; Mn/Fe gossan; light yellowish brown 
(lOYR 6/4), pinkish gray (5RY 8/1); weathers grayish 
orange (lOYR 7/4), and very light gray (NB); recessive; 
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rartially covered ........................................ 43.2 
Contact covered; picked at top of highest sandstone. 
1. Sandstone with interbeds of silt-shale and mud-shale. 
Sandstone: silt to medium sand; mostly fine grained; 
moderately to well sorted; low to good porosity; silica 
cement; minor carbonate cement locally; mica concentrated 
in laminae locally; shale lithoclasts up to 2 cm long; 
rare glauconite; very thin laminae (0.5-3 mm); planar-
parallel and minor wavy-parallel and planar-nonparallel 
laminae; medium- and low-angle bottom-tangent (erosional 
and nonerosional) cross laminae; pi, xi , nu, omikron, mu, 
and alpha cross stratification; rare, truncated wave-
ripple laminae; thin to medium beds (average: 8 cm; range 
3-27 cm); bedding parallel, wavy, wedging and scoured; 
load casts; vertical joint sets; Mn/Fe gossan; minor silty 
partings in planar-parallel laminae; Liesegang banding; 
rare Skolithos; spherical weathering pits; pale yellowish 
orange {lOYR 8/6) grayish orange (lOYR 7/4), grayish 
pinkish red (lOR 7/2), pale yellowish brown (lOYR 7/2), 
grayish pink (5R 7/2), and pale red (5R 6/2); weathers 
light brown (5YR 6/4), pale brown (5YR 6/2), pale 
yellowish brown (lOYR 7/2), and grayish red (lOR 5/2). 
Shale: clay to very fine sand; mica-bearing; very thin 
laminae ('0.5-1 mm); high-, medium- and low-angle bottom-
tangent ( erosi anal and nonerosi onal) cross laminae; 
current ripples; minor wavy-parallel laminae; silt and 
sand interlaminated locally in current ripples; very thin 
beds (2-3 cm); shale intervals range from 0.5 to 2.5 m 
thick; moderate brown (5YR 5/5), pale yellowish brown 
(lOYR 8/6), moderate reddish brown (lOR 4/6), grayish 
orange (lOYR 6/4 ), and light brown (5YR 5/4); weathers 
grayish red (5R 4/2), yellowish orange (lOYR 5/6), 
moderate yellowish brown (lOYR 5/4, and light brown 
(5YR 6/4). Recessive, locally resistant; partially 
covered .................................................. 118.2 
Total thickness of Unit K .................•........................ 161.4 
Contact covered; picked at top of highest resistant sandstone 
outcrop. 
Unit J (lithofacies 3b) 
1. Sandstone with minor lenses of siltstone. Sandstone: 
very fine to coarse sand with rare angular to rounded 
chert lithoclasts up to 2 cm long; mostly fine-grained; 
moderately to poorly sorted; low to moderate porosity; 
silica cement; rare glauconite; rare muscovite; shale-
lithoclast molds up to 2 cm long; very thin to thin 
laminae (0.5-4 mm); minor planar-parallel laminae; high-
and medium-angle bottom-tangent (erosional) cross laminae; 
pi and nu cross stratification; thin to thick beds 
(average: 16 cm; range: 3-39 cm); bedding wedging and 
scoured; spherical weathering pits; vertical joint sets; 
rare Skolithos near base; heavy minerals concentrated in 
laminae locally; pale grayish red (5R 5/2; lOR 5/2) and 
grayish orange pink (5YR 6/2); weathers moderate brown 
(5YR 4/2, 5YR 4/4), and pale reddish brown (lOR 6/5). 
Siltstone: clay to very fine sand; mica-bearing; very 
thin laminae ('0.5-0.5 mm); wavy-parallel laminae; medium-
angle bottom-tangent cross laminae; nu cross 
stratification with interlaminated silt and sand; moderate 
brown (5YR 6/2) and moderate grayish orange (lOYR 6/4); 
weathers dark yellowish orange (lOYR 6/6). Resistant, 
forms steep scarp slope with steps, crest, and partially 
covered dip slope of laterally continuous strike 
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ridge.................................................... 58.8 
Contact sharp. 
Unit I (lithofacies 3a) 
3. Sandstone, silt-shale, and mudstone. Sandstone: very 
fine-grained; poor to well sorted; fair to good porosity; 
silica cement; mica-bearing (muscovite·· biotite); 
glauconite-bearing; very thin laminae (0.5-2 mm); high-, • 
medium-, and low-angle bottom-tangent (erosional, 
nonerosional) cross laminae; nu and pi cross 
stratification; very thin to thick beds (average: 7 cm; 
range 2-35 cm); bedding parallel to wedging; spherical 
weathering pits, simple and branching horizontal burrows; 
Skolithos; Diplichinites; very pale brown (5YR 6/2) pale 
yellowish orange (lOYR R/6); grayish orange (lOYR 7/4), 
very pale orange (lOYR 8/2), and pale red (lOR 6/2); 
weathers light brown (5YR 7/4), and dark yellowish orange 
(lOYR 6/fi). Silt-shale: clay to very fine sand; mica-
bearing; very thin laminae ('1-1 mm); wavy-parallel 
laminae; medium- and low-angle bottom-tangent cross 
laminae; nu cross stratification; mud and sand 
interlaminated locally; medium beds; pale yellowish orange 
(lOYR 8/6); weather grayish orange (lOYR 7/4). Mudstone: 
clay to very fine sand; mica-bearing; very thin laminae 
('lmm); wavy-parallel laminae; low-angle bottom-tangent 
cross laminae; nu cross stratification; pale reddish brown 
(lOR 5/4). Recessive, forms gentle slope with steps; 
partial cover .......................•...............•.... 68.8 
Contact covered; picked at base of lowest sandstone outcrop. 
2. Covered interval......................................... 35.1 
Contact covered; picked at top of highest sandstone outcrop. 
1. Sandstone and mud-shale. Sandstone: fine to coarse sand 
with rare chert granules (up to 4 mm in diameter) scattered 
on bedding surfaces near top; mostly medium-grained; well 
sorted; low to fair porosity; silica cement; mica-bearing; 
rare glauconite; shale-lithoclast molds up to R cm long; 
very thin laminae (0.5-3 mm); high- and medium-angle 
bottom-tangent (erosional) cross laminae; nu and pi cross 
stratification; thin to thick beds (average: 16 cm; range: 
7-30 cm); bedding parallel to wedging; simple and branching 
horizontal burrows; very light gray (N8); weathers light 
brown (5YR 5/6). Mud-shale: clay to very fine sand; 
mica-bearing; very thin laminae (0.5-2 mm); current 
ripples with local interlaminated mud, silt, and sand; 
moderate red (5R 5/4), light olive gray (SY 6/1), and 
grayish orange (lOYR 7/4). Recessive, lower 17 m 
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covered .................................................. 46.l 
Total thickness of Unit 1 .......................................... 150.0 
Contact covered; picked at top of highest sandstone outcrop. 
Unit H (lithofacies 3b) 
1. Sandstone: very fine to medium sand; mostly fine-grained; 
moderately sorted; fair to low porosity; silica cement; 
mica-bearing; rare glauconite; shale-lithoclast molds up 
to 4 cm long; very thin laminae (1-2 mm); planar-parallel 
laminae; medium-angle bottom-tangent (erosional, 
nonerosional) cross laminae; nu and minor alpha cross 
stratification; thin to medium beds (average: 6 cm; range 
3-ll cm); branching horizontal burrows near top; very light 
gray (NB) and grayish orange (lOYR 7/4); weathers light 
brown (5YR 6/4); moderately resistant, fonns low-lying 
strike ridge ............................................. 32.5 
Contact covered; picked at base of lowest sandstone outcrop. 
Unit G (lithofacies 3a) 
1. Mud- shale and sandstone. Mud-shale: clay to fine sand; 
mica-bearing in part; very thin laminae (~1 mm); wavy-
parallel laminae; nu cross stratification with some 
laminae of sand; grayish orange (lOYR 7/4), light brown 
(SYR 5/6); weathers pale yellowish orange (lOYR 8/6). 
Sandstone: very fine to coarse sand; mostly fine-grained; 
moderate to well sorted; low to good porosity; silica and 
minor carbonate cement; mica-bearing (muscovite·· 
biotite); glauconite-bearing; shale lithoclast molds up to 
2 cm long; very thin laminae (1-2 mm); minor planar-
parallel laminae; high- and medium-angle bottom-tangent 
(erosional, nonerosional) and minor low-angle-planar cross 
laminae; nu, mu, alpha, pi, omi~ron and minor xi cross 
str2tification; rare isolated straight-crested current 
ripples; thin to medium beds (average: 10 cm; range: 
3-24 cm); bedding parallel to wedging and scoured; one 
lenticular sand body 11 m thick, 162 m above base of unit; 
grayish orange (l0YR 7/4), very pale orange (l0YR 8/2), 
pale yellowish orange (l0YR 8/6), light gray (N8), grayish 
pink (5YR 7/2) and moderate red (SR 5/2); weathers 
moderate brown (5YR 5/4), moderate yellowish brown 
(l0YR 6/4) dark yellowish orange (l0YR 6/6), grayish brown 
(5YR 3/2), light brown (5YR 6/4) and grayish red 
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(l0R 4/2). Recessive, 69% of unit covered ............... 278.1 
Total thickness of Unit 3 .......................................... 738.3 
Contact covered; picked at top of highest sandstone outcrop. 
Unit F (lithofacies 2a) 
1. Sandstone and minor si 1 ts tone. Sandstone: very fine to 
coarse sand; mostly fine- to med1um-gra1ned; moderate to 
well sorted; low to good porosity; silica cement; mica-
bearing (muscovite ·· bi oti te); shal e-1 ithocl ast molds up 
to 7 cm long; very thin to thin laminae (1-5 mm); minor 
planar-parallel laminae; high-, medium-, and low-angle 
bottom-tangent (erosional) cross laminae; pi, nu, and 
minor gamma cross stratification; pi-type dunes furiously 
cross stratified near top of unit; thin to thick beds 
(average : 26 cm; range: 3-70 cm); bedding wedging, wavy 
and scoured; fining upward cycles in lower part; 
coarsening upward cycle at top; Liesegang banding; 
moderate and grayish red (SR 5/4, 5R 5/2) and grayish red 
purple (5RP 5/2); weathers moderate reddish brown 
(l0R 4/6, l0R 5/6, l0R 4/4), moderate reddish orange 
(lOR 5/6), and moderate red (SR 5/2). Siltstone: clay 
to very fine sand; mica-bearing; locally calcareous; very 
thin laminae ('1 mm); wavy-parallel laminae; nu cross 
stratification; shrinkage cracks; moderate reddish brown 
(l0R 4/4); present at top of first fining-upward cycle. 
Resistant, locally friable; forms scarp slope, crest, and 
dip slope of major strike ridge ..................•....... 50.9 
Contact gradational through 4 meters; picked at base of lowest 
resistant, thick-bedded sandstone outcrop. 
Unit E (lithofacies 2b) 
1. Silt-shale, mud-shale, sandstone, and minor conglomeratic 
sandstone. Shale: clay to medium sand; mica-bearing; 
calcareous; very thin laminae ('1 mm); wavy-parallel 
laminae; medium-angle bottom-tangent cross laminae; nu and 
mu cross stratification; very thin beds (1-3 cm); bedding 
parallel; pale and moderate reddish brown (l0R 5/4, 
l0R 4/6); weathers moderate reddish brown (l0R 4/6). 
Sandstone: very fine to medium sand with minor amount of 
very coarse grains scattered on bedding surfaces near 
base; mostly very fine-to fine-grained; moderately sorted; 
low to good porosity; silica and carbonate cement; mica-
bearing; very thin laminae (1-2 mm); minor wavy- and 
planar-parallel laminae; high- and medium-angle bottom-
tangent (erosional, nonerosional) cross laminae; pi, 
omikron, nu and alpha cross stratification; thin to very 
thick beds (average: 29 cm; range: 5-150 cm); beds 
parallel to slightly wedging with some wedging and scoured 
only near base; moderate reddish brown (lOR 4/4), and pale 
reddish purple (5RP 6/2); weathers moderate reddish brown 
(lOR 5/6), moderate red (SR 5/4), and grayish red 
(SR 4/2). Conglomerate Sandstone: very fine to medium 
groundmass with 1 to 3% granules and pebbles of chert 
with internal silicified ooids, quartzite, and shale 
pebbles (five largest clasts: 20, 20, 16, 13, 12 mm); 
poorly sorted; low porosity; silica cement; mica-bearing; 
very thin laminae (1-3 mm); high-angle bottom-tangent 
(erosional) cross laminae; pi cross stratification; medium 
beds (10-15 cm); bedding wedging, wavy and scoured; 
Liesegang banding; moderate red (SR 5/4); weathers similar 
(5R 4/4); forms discontinous lenses approximately 1 m 
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thick and several hundred m long within shale. Recessive, 
forms gentle scarp slope ...............•................. 66.2 
Contact sharp. 
Unit D (lithofacies 2a) 
1. Sandstone with minor siltstone and conglomeratic 
sandstone. Sandstone: very fine to medium sand; mostly 
fine- to med1um-gra1ned; moderate to well sorted; low to 
good porosity; silica cement; shale lithoclast molds up to 
4 cm long; trace of micas in part; very thin to thin 
laminae (0.5-4 mm); minor planar-parallel laminae; high-
and medium-angle bottom-tangent (erosional) cross laminae; 
pi, omikron, and nu cross stratification; pi-type dunes 
are furiously cross stratified locally; thin to thick beds 
(average: 19 cm; range: 4-48 cm); bedding wedging, wavy, 
and scoured; Liesegang banding; fining upward cycles; 
moderate reddish brown (SR 5/4); weathers moderate reddish 
orange (lOR 5/6), pale reddish brown (lOR 5/4) and 
moderate red (SR 5/2). Siltstone: clay to fine sand; 
mica-bearing; very thin laminae (-1-1 mm) medium-angle 
bottom-tangent cross laminae; nu cross stratification; 
moderate reddish brown (lOR 4/6). Conglomerate Sandstone: 
medium-grained groundmass with 5 to 15% granules and 
pebbles of chert, quartzite, vein quartz, and shale 
pebbles (5 largest clasts: 18, 25, 20, 15, 12 mm); poorly 
sorted; shale-lithoclast molds up to 3 cm long; low 
porosity; silica cement; very thin to thin (1-8 mm) high-
and medium-angle bottom-tangent (erosional) cross laminae; 
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pi cross stratification; medium beds (13-25 cm); bedding 
wedging, wavy, and scoured; pale red (SR 6/2); weathers 
grayish red (SR 4/2). Resistant, locally recessive; forms 
broad crest and dip slope of major strike ridge .......... 144.4 
Contact covered; picked at base of lowest resistant sandstone 
outcrop. 
Unit C (lithofacies 2b) 
2. Sandstone: very fine to coarse sand; mostly medium-
grained; moderately sorted; low to good porosity; silica 
and minor carbonate cement; trace of micas; shale-
lithoclast molds up to 5 cm long; very thin laminae 
(1-3 mm); minor planar-parallel laminae; high- and medium-
angle bottom-tangent (erosional and nonerosional) and low-
angle-planar cross laminae; pi, omikron, alpha, nu, mu and 
minor xi cross stratification; very thin to thick beds 
(average: 16 cm; range: 3-36 cm); beds wedging and 
scoured; moderate red (lOR 5/2); weathers moderate reddish 
brown (lOR 4/4); moderately resistant, forms steep scarp 
slope ; partial cover at base .......................... . .. 24.0 
Contact covered ; picked at base of lowest sandstone outcrop, 
corresronds to a change of slope and color. 
1. Sandstone: very fine to medium sand with very coarse 
grains scattered on bedding surfaces; mostly fine-
grained; moderate to well sorted; low to good porosity; 
silica and minor carbonate cement; trace of micas; shale-
lithoclast molds Up to 5 cm long; very thin laminae 
(0.5-3 mm); planar-parallel laminae; high- and medium-
angle bottom-tangent (erosional, nonerosi anal) cross 
laminae; omikron, pi, alpha, and nu cross stratification; 
very thin to thick beds (average: 18 cm; range: 2-65 cm); 
bedding parallel, wedging and scoured; moderate reddish 
orange (lOR 6/6) and pale reddish brown (!OR 5/4); 
weathers pale reddish brown (lOR 5/4) and moderate reddish 
brown (!OR 4/6); recessive, forms moderate slope with 
partial cover of talus ................................... 43.1 
Total thickness of Unit C ..........•............................... 67.1 
Contact sharp. 
Unit B (lithofacies 2a) 
1. Sandstone with lenses of silt-shale and mud-shale. 
Sandstone: very fine to coarse sand; mostly fine-grained; 
well sorted; fair porosity; silica and carbonate cement; 
shale-lithoclast molds up to 2 cm; very thin laminae 
(1-2 mm); planar-parallel laminae; high- and medium-angle 
bottom-tangent (erosional, gradational) cross laminae; pi, 
mu, nu, and lambda cross stratificatio; minor (?)eolian 
Total 
ripples (vertical form index : 20); medium beds 
(12-17 cm); bedding wedging and scoured; ball-and-pillow 
structures; pale red (SR 6/2); weathers pale reddish brown 
(lOR S/4). Shale: very thin (~1 mm) wavy parallel 
laminae; darl<recfdish brown (lOR 3/4); weathers grayish 
red (lOR 4/2). Resistant, forms small cliff ............ . 
thickness of Unit 2 ......................................... . 
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4.7 
333.3 
Contact sharp. 
Unit A (lithofacies la) 
6. Sandstone with minor dolostone and silt-shale. Sandstone : 
very fine to medium sand; mostly fine-grained; moderate to 
well sorted; low to good porosity; silica and carbonate 
cement; shale-lithoclast molds. up to 3 cm long; very thin 
laminae (0.5-2 mm); planar-parallel laminae; shale 
partings; high- and medium-angle bottom-tangent (erosional, 
nonerosional) and low-angle-planar cross laminae; omikron, 
alpha, nu, mu, and xi cross stratification; very thin to 
medium beds (average: 9 cm; range: 2-23 cm); bedding 
parallel to wedging; pale reddish brown (lOR 5/4) and 
pinkish gray 9YR R/1); weathers moderate reddish brown 
(lOR 4/6) and grayish orange pink (5YR 7/2). Dolostone: 
oolitic packstone (Dunham, 1962); micritic to very fine-
crystalline; low porosity; very thin (1-2 mm) high- and 
medium-angle bottom-tangent (erosional, gradational) cross 
laminae; nu, pi, and lambda cross stratification; thin to 
medium beds (5-12 cm); bedding wedging, wavy, and scoured; 
forms discontinuous lenses approximately 0.5 m thick 
within sandstone 42 m above base; moderate pink (5R 7/4); 
weathers pinkish gray (5R 8/1). Shale: moderate reddish 
brown (lOR 5/4). Recessive, forms strike valley and 
moderate to steep scarp slope ............................ 70.3 
Contact sharp. 
5. Sandstone: very fine to medium sand with minor very 
coarse grains scattered on bedding surfaces; mostly fine-
grained; well sorted; low to fair porosity; silica cement; 
trace of glauconite and micas; very thin laminae (1-3 mm); 
planar-parallel and wavy-parallel laminae; high- and 
medium-angle bottom-tanent (erosional, nonerosional) and 
low-angle-planar cross laminae; alpha, xi, and nu cross 
stratification; oscillation ripples; thin to very thick 
beds (average: 4 cm; range: 4-200 cm); bedding parallel to 
wedging; minor scours 5-10 cm deep; Liesegang banding; 
pale red (5R 6/2, lOR 6/2); weathers pale reddish brown 
(lOR 5/4), and light brown (5YR 5/6); Resistant, locally 
recessive and friable; forms cliff, crest, and dip slope 
of strike ridge ..................................•....... 11.1 
Contact sharp. 
4. Sandstone and minor silt-shale: Sandstone: very fine to 
very coarse sand; mostly fine-grained; moderately sorted; 
fair porosity; silica and minor carbonate cement; trace of 
micas; heavy minerals concentrated in laminae; very thin 
laminae (1.5-3 mm); planar-parallel laminae; high- and 
medi11m-angle bottom-tangent (erosional, nonerosional) and 
planar cross laminae; pi, alpha and minor nu cross 
stratification; thin to thick beds (average: 21 cm; range: 
5-42 cm); bedding parallel, wedging and scoured; Liesegang 
banding; moderate reddish orange (l0R 6/6); weathers pale 
red (l0R 6/2). Silt-shale: dark reddish brown (l0R 3/4); 
weathers pale reddish brown (l0R 5/4) Recessive, forms 
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gentle scarp slope ....................................... 62.5 
Contact picked at top of highest resistant sandstone outcrop. 
3. Sandstone: very fine to coarse sand; mostly fine-grained; 
well sorted; fair porosity; silica and minor carbonate 
cement; trace of micas; heavy minerals concentrated in 
laminae; very thin to thin laminae (1-4 mm); planar-
parallel laminae; low-angle-planar and high- and medium-
angle bottom-tangent (erosional) cross laminae; xi and 
minor nu cross stratification; very thin to medium beds 
(average: 9 cm; range: 3-23 cm); bedding wedging; bed 
thickness and grain size increase upward; pale red 
(l0R 6/2); weathers moderate reddish brown (l0R 6/4); 
resistant, forms small strike ridge ... . . ...... ... ..... .... 5.1 
Contact picked at top of highest recessive sandstone outcrop. 
2. Sandstone and mud-shale. Sandstone: silt to coarse sand 
with minor very coarse sand scattered on bedding surfaces; 
mostly fine-grained; moderate to poorly sorted; low to 
good porosity; silica and carbonate cement; trace of 
micas; shale-lithoclast molds up to 2 cm long only at 
base; very thin laminae (0.5-3 mm); minor planar-parallel 
laminae; high- and medium-angle bottom-tangent 
( nonerosi onal, grad a ti onal, and erosional) cross laminae; 
alpha, lambda, mu, and minor pi cross stratification; very 
thin to thick beds (average: 13 cm; range 2-45 cm); 
bedding parallel to wedging and minor scoured; shrinkage 
cracks; moderate red (SR 5/4), and pale reddish brown 
(l0R 5/4, l0R 6/4); weathers pale reddish brown (l0R 5/4) 
and grayish red (lOR 4/2). Mud-shale: clay to silt; 
mica-bearing; calcareous; very thin {·1 mm) wavy-parallel 
laminae; pale to moderate reddish brown (l0R 5/4, 
l0R 4/6). Recessive, partially covered .................. 40.0 
Contact covered; picked at top of highest sandstone outcrop. 
1. Sandstone: silt to medium sand; mostly fine-grained; 
poorly sorted; low to fair porosity; silica and minor 
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carbonate cement; shale-lithoclast molds up to 5 cm long; 
trace of micas; very thin laminae (0.5-2 mm); planar-
parallel laminae; medium-angle bottom-tangent (erosional, 
nonerosi onal) cross laminae; alpha and pi cross 
stratification; very thin to thin beds (2-8 cm); bedding 
wedging and scoured; grayish red (5R 4/2); weathers dark 
reddish brown (lOR 3/4); moderately resistant in upper 
oart; lower 12 mare covered (mudrock?) .................. 24.0 
Total thickness of Unit 1 .......................................... 213.0 
Total thickness of Arumbera Sandstone .............................. 1490.9 
Contact covered; picked at slope and color change which corresponds 
to a laterally traceable color change on aerial photographs. 
Pertatataka Formation 
1. Covered interval . . . . . . . ........ . ... . .... . . . . . ...... . . . . . . 39.9 
Contact covered; picked at top of highest dolostone outcrop. 
Julie Formation 
Subunit 2 
1. Dolostone: micr itic to very fine-crystalline ; 
cryptalgalaminae; very pale orange (lOYR 8/2); weathers 
similar (lOYR A/3); moderately resistant, partial cover .. 10.0 
Contact covered; picked at base of lowest dolostone outcrop. 
Pertatataka Formation 
3. Covered interval ......................................... 131.6 
2. Silt-stone, silt-shale, and mudshale with interbeds of 
sandstone. Mudrock: mica-bearing; slightly calcareous; 
moderate red (SR 5/2); and light olive gray (5Y 6/1); 
~eathers similar ( lOR 4/2, SY 5/1). Sandstone: si 1 t to 
very fine sand; mostly very fine-grained; poorly sorted; 
low porosity; silica cement; mica-bearing; very thin 
(0.5-1.5 mm) planar-parallel laminae; calcareous partings; 
very thin beds (1-3 cm); bedding parallel to wedging; pale 
red (5R 6/2); weathers dark grayish red (5R 3/2) and light 
olive gray (5Y 5/2). Moderately resistant, forms low-
1 y i n g st r i k e r i d ge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 3 . 1 
Contact covered; picked at base of lowest shale outcrop. 
1. Covered interval ......................................... 135.6 
Total thickness of Pertatataka Formation .....•...•....•............ 400.2 
Contact covered; picked at top of highest siltstone outcrop 
associated with chert. 
Julie Formation 
Subunit 2 
1. Siltstone and chert: grayish orange pink (5YR 7/2), and 
grayish orange--OOVR 7/4}; weathers pale yellowish orange 
(l0YR 7/4}, and grayish orange (l0YR 7/4); weathers pale 
yellowish orange; chert contains relict ooids; mostly 
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covered .................................................. 35.0 
Contact covered; picked at top of highest sandstone outcrop. 
Total 
Subunit 1 
1. Sandstone: fine to very coarse sand; mostly medium-
grained; moderately sorted; low to good porosity; silica 
cement; shale-lithoclast molds; very thin laminae 
(1-3 mm); wavy-parallel laminae; medium-angle bottom-
tangent (erosional, nonerosional) cross laminae; nu and mu 
cross stratification; very thin to thin beds (2-8 cm); 
very 1 i ght gray ( N8) and grayish pink ( SR 8/2); weathers 
light brown (5YR 6/4) and pale reddish brown (l0R 5/4}; 
moderately resistant, partial cover (mudrock?) .......... . 
thickness of Julie Formation ................................ . 
78.8 
113.8 
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